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EDITORIAL 

The increasing demand for laboratorj’ methods in the control and investigation 
of disease in man has produced a rapidly growing number of laboratories and 
specialists who are daily undertaking wider and more elaborate procedures in 
all four branches of patholog)’. Their work brings them into a special relation- 
ship with clinicians and patients, and it has become more and more difficult 
to extract from the wide range of journals covering these subjects the advances, 
experimental or established, which can be applied to the bedside. 

The policy of the Association of Qinical Pathology and of the Editorial 
Board of the new Journal is, therefore, to provide under one cover a regular 
publication of such original articles, review articles, technical methods, and 
abstracts which will be of value to the practising clinical pathologist whose daily 
work must be orientated towards the elucidation of disease in man. 

It is, in no way intended that the Journal shall compete with the established 
publications, but rather that it shall augment them and in this %v3y build a bridge 
between the experimental pathologist and the clinical worker. 


A single number "'as published in July. 1945, by the Association of Clinical Pathologists, 
and S.0 that these papers shall not be lost the contents are appended beloss 

The Examination of Wounds for Clostridia, by Nancy J. Hasxsard. 

Heterologous Agglutinins in Diagnostic Sera, by R. W. Fairbrother. 
l-iscr Function Tests, by N. F. Maclagan. 

The Examination of flronchial Biopsy Tissues, by S. Rovsdhouse Gli'sr.r, 
lnIcrrrct,ation of the Fndomctnal Biopsy, b> Oiner C. Uosd. 
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THE LABORATORY DIAGNOSIS OF VIRUS 
INFECTIONS OF MAN: A REVIEW 

BY 

S. P. BEDSON 

London Hospital and Medical College 
(received for publication, JULY 25, 1947) 


The last fifteen years have seen a considerable 
advance in our knowledge of viruses. -Admittedly 
it is still impossible to say whetlier or not viruses 
are living micro-organisms : there is even some 
doubt as to whether all those agents which we group 
together as viruses are of the same nature. But, 
interesting though these particular problems are, 
they have no direct bearing on the practical question 
of the diagnosis and control of virus disease, since 
for these purposes viruses can be regarded as 
micro-organisms. And the inability to answer these 
questions unequivocally docs not mean that in other 
respects our knowledge of viruses has not made 
great strides. Many of the larger viruses have been 
stained and seen with the ordinary microscope, and 
the greater power of microscopic resolution obtain- 
able by the use of ultra-violet light and a quartz 
optical system comprising a dark-ground condenser 
— an advantage which we owe largely to the work 
of J. E. Barnard in this country — has made possible 
the photography of these large viruses in an unstained 
and unaltered state, and has also brought some of 
the smaller viruses within the range of visibility. 
Furthermore, the introduction of the electron 
microscope, with its still greater powers of resolution, 
enables us to sec even the smallest virus. 

Wc arc no longer confined to the use of animals 
for the cultivation of viruses. The adaptation of the 
technique of tissue culture to this purpose, and the 
use of the developing hen’s or duck’s egg — which 
wc owe to the ingenuity of the .American pathologist 
Goodpasture— have provided us with simple means 
for growing many of the animal viruses in the 
laboratorv-. .And when we turn to the question of 
tho'c serological reactions, the precipitin, agglutina- 
tion, and complement fi.xation tests which have been 
of such invaluable sersacc in the study of bacteria 
and bacterial disease, we find that, contrarj- to what 
was at one time thought, these methods are applic- 
able to \irus work. It is the purpose of this article 


to consider some of this recent work and its applica- 
tion to the diagnosis of diseases of man of virus 
aetiology. 

Microscopy 

Demonstration of viruses by means of tlie 
microscope. — Sixty-one years ago Buist announced 
that he had succeeded in demonstrating particles 
witli the appearance of minute cocci in smears made 
from vaccinial lesions (sec Gordon, 1937); he 
concluded that these were the virus. As a recent 
American writer has remarked : “Buist was a man 
far ahead of his time; his contemporaries were not 
merely sceptical, they were not even interested.” 
In 1904 Borrel published a paper on the virus of 
fowlpox, in which he show'cd that, by the use of 
Loefllcr’s flagella stain, minute coccal bodies could 
be demonstrated in smears of virulent material, and 
he considered these to be the virus. Two years later 
Paschen of Hamburg, using a very similar technique 
to Borrel, rediscovered the virus of vaccinia. 
Although this work did not pass unnoticed it did 
not receive general acceptance, in fact most bac- 
teriologists adopted a sceptical attitude which it 
took nearly twenty years to dispel. The reason for 
this scepticism was due largely to the fact that the 
staining methods then employed, although producing 
admirable preparations in the hands of the c.xpcrt, 
gave rise to artefacts bearing a remarkably close 
resemblance to stained virus particles, and the 
tendency to dismiss all these appearances as artefacts 
was all too readily adopted. 

Since then, improved methods of staining and the 
devising of technical procedures for the separation 
of virus from the non-specific material in the crude 
suspensions of virulent material have made it 
possible to show that the particles one can stain and 
see in smear preparations arc, in fact, virus. In this 
work, fractional centrifugation has played an 
important part. Saline suspensions of vimicnt 
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material are first centrifuged at a relatively low 
speed to throw down gross particles of tissue, and 
the resulting supernatant is then spun at a speed 
sufficient to deposit the virus. After removing the 
supernatant fluid, the deposit is resuspended in 
saline and centrifugation, first at a low speed and 
then at a high speed, is repeated. A deposit is 
finally obtained which consists very largely of 
particles resembling in size and staining properties 
those seen in the smears made from the original 
virulent material and thought to be virus, and the 
demonstration that the virulence of the original 
suspension has moved with the particles and that 
they react specifically with a known antiserum 
completes the proof that virus and particles are one 
and the same. There is, therefore, no doubt that 
the larger viruses can be seen with the microscope. 
They look like minute micro-organisms, and this 
conception of their nature finds support in the 
dark-ground photomicrographs that Barnard has 
produced of unfixed and unstained viruses. 

Turning now to the practical application of this 
work to the diagnosis of virus disease, it is obvious 
that direct microscopy can be of use only in the 
case of the large viruses. Even here the limitations 
of the method arc greater than in bacterial infections. 
The largest viruses arc so much smaller than bacteria 
that they can be detected only if they arc present in 
considerable numbers, and the occasions when their 
identity can be assumed because they have been seen 
in smear preparation arc ^■cry few. However, the 
method is not without value and it finds its use 
particularly in the diagnosis of infections due to 
that group of large viruses which arc distinguished 
from the others by staining by Castaneda's or 
Macchiasello’s methods. For that matter, this 
group possesses other characteristics that mark it 
off from the rest: the viruses arc larger, and when 
they multiply they present a regular sequence of 
morphological change, recalling those changes in 
size and shape which a bacterium often undergoes 
when multiplying. This group contains amongst 
others the agents of trachoma, inclusion conjunc- 
tivitis or inclusion blcnorrhoca, lymphogranuloma 
venereum, and psittacosis. The use of microscopy 
in confirming the sli.ignosis of trachoma, particul.arly 
in its early st.agcs, is ssell known. Halbcrstacdtcr 
aniS von Prowarck (1907) were first to demonstrate 
the characteristic cytoplasmic inclusions in the 
conjunctiva! epithelium in this condition, r.nd the 
more recent work oniis.eeson and i’r;-*ctor tl955» 
h.as shown th.at the particles which rxour both free 
and inside the ceils .and which arc read;’*) stained b> 
(.■.astaned.a s'r Gicm.sa arc. in fact, the virus. 


Inclusion conjunctivitis . — Infection with the closely 
related virus of inclusion conjunctiviris is of greater 
interest to us, since it is of commoner occurrence 
than trachoma in this country. This virus is 
morphologically indistinguishable from that of 
trachoma; the exact relationship of the two, though 
obviously close, is yet to be determined. Like the 
trachoma virus, it is a parasite of man and is found 
producing infection of the conjunctiva and the 
mucous membrane of the cervix and the male 
urethra. Cells infected with this virus present 
inclusions which in situation, structure, and staining 
properties bear an extremely close resemblance to 
those of trachoma. They consist of masses of virus 
particles held together by inclusion material which 
is basophih'c and scanty in amount. These inclusions 
differ, therefore, from what one might call the 
“typical" virus inclusion, in which the inclusion 
material is acidophil and present in such amount as 
completely to mask the virus, and it is this scantiness 
of inclusion material in the inclusions produced by 
the group of Castaneda-positive viruses which has 
made it so much easier to study and recognize their 
true structure. Like the other members of this 
group, the virus of inclusion conjunctivitis shows 
the sequence of developmental forms to which 
reference has already been made. The large forms, 
which arc almost the size of staphylococci, have been 
called by Lindner (1910) “initial bodies," since in 
his opinion, they represent the initial stage in the 
development of the virus, a view which is fully 
supported by recent work. As the virus multiplies — 
and all appearances suggest that it docs so by simple 
division— smaller and smaller forms arc produced 
until, when the colony is fully grown and the cell is 
ready to break down and discharge its virus content, 
all the vims is in the form of elementary bodies. 

Inclusion conjunctivitis occurs cither as a nconnt.il 
infection, when it is acquired in precisely the vimc 
way ns gonococcal ophthalmia, or in older children 
or adults, when it is often called swimm;ng-b.atl: 
conjunctivitis. Both forms are a«'.c>ci.atcd with 
inflammation of the conjuncti-.n and 'one di'-. 
charge ; scattered follicles may !>; prc'cnt. D.-ieno'-is 
i.s made by the microscopy of conjunciiv.i! *crr,p nm 
suitably stained, and some idea of the inc.Mce.cc of 
the neor.at.il form c.in be g.itbercd from a rreen; 
paper by borsby and others who (o ;nd 

tw'cnty-vevcn case', n Z*-'- of;;!! form,', of eon -a-c- 
tivitis in inf.'.nts. 

u-.f - Irthrcti m of «>.- 

oftbe fentate .rrn.te! tr.rcr ;< -.r e.*'!;. r .t o..'. 

be reseated b;. t.-e r' .• m 'n.- f ' •* 

cerv :A scT.-p''-;-' In :• r r-.d.- - c' - 



J. din. Path. ( 1947 ), 1 , 2 . 


THE LABORATORY DIAGNOSIS OF VIRUS 
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The last fifteea years have seen a considerable 
advance in our knowledge of viruses. Admittedly 
it is still impossible to say whetlier or not viruses 
are living micro-organisms: there is even some 
doubt as to whether all those agents which we group 
together as viruses are of the same nature. But, 
interesting though these particular problems are, 
they have no direct bearing on the practical question 
of the diagnosis and control of virus disease, since 
for these purposes viruses can be regarded as 
micro-organisms. And the inability to answer these 
questions unequivocally does not mean that in other 
respects our knowledge of viruses has not made 
great strides. Many of the larger viruses have been 
stained and seen with the ordinary microscope, and 
the greater power of microscopic resolution obtain- 
able by the use of ultra-violet light and a quartz 
optical system comprising a dark-ground condenser 
— an advantage which we owe largely to the work 
of J. E. Barnard in this country — has made possible 
the photography of these large viruses in an unstained 
and unaltered state, and has also brought some of 
the smaller viruses within the range of visibility. 
Furthermore, the introduction of the electron 
microscope, with its still greater powers of resolution, 
enables us to see even the smallest virus. 

We are no longer confined to the use of animals 
for the cultivation of viruses. The adaptation of the 
technique of tissue culture to this purpose, and the 
use of the developing hen’s or duck’s egg — which 
we owe to the ingenuity of the American pathologist 
Goodpasture — have provided us with simple means 
for growing many of the animal viruses in the 
laboratory. And when we turn to the question of 
those serological reactions, the precipitin, agglutina- 
tion, and complement fixation tests which have been 
of such invaluable service in the study of bacteria 
and bacterial disease, we find that, contrary to what 
was at one time thought, these methods are applic- 
able to virus work. It is the purpose of this article 


to consider some of this recent work and its applica- 
tion to the diagnosis of diseases of man of virus 
aetiology. , 

Microscopy 

Demonstration of viruses by means of tlie 
microscope. — Sixty-one years ago Buist announced 
that he had succeeded in demonstrating particles 
with the appearance of minute cocci in smears made 
from vaccinial lesions (see Gordon, 1937); he 
concluded that these were the virus. As a recent 
American writer has remarked : “Buist was a man 
far ahead of his time ; his contemporaries were not 
merely sceptical, they were not even interested.” 
In 1904 Borrel published a paper on the virus of 
fowlpox, in which he showed that, by the use of 
Loefller’s flagella stain, minute coccal bodies could 
be demonstrated in smears of virulent material, and 
he considered these to be the virus. Two years later 
Paschen of Hamburg, using a very similar technique 
to Borrel, rediscovered the virus of vaccinia. 
Although this work did not pass unnoticed it did 
not receive general acceptance, in fact most bac- 
teriologists adopted a sceptical attitude which it 
took nearly twenty years to dispel. The reason for 
this scepticism was due largely to the fact that the 
staining methods then employed, although producing 
admirable preparations in the hands of the expert, 
gave rise to artefacts bearing a remarkably close 
resemblance to stained virus particles, and the 
tendency to dismiss all these appearances as artefacts 
was all too readily adopted. 

Since then, improved methods of staining and the 
devising of technical procedures for the separation 
of virus from the non-specific material in the crude 
suspensions of virulent material have made it 
possible to show that the particles one can stain and 
sec in smear preparations are, in fact, virus. In this 
work, fractional centrifugation has played an 
important part. Saline suspensions of virulent 
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material are first centrifuged at a relatively low 
speed to throw down gross particles of tissue, and 
the resulting supernatant is then spun at a speed 
sufficient to deposit the virus. After removing the 
supernatant fluid, the deposit is resuspended in 
saline and centrifugation, first at a low speed and 
then at a high speed, is repeated. A deposit is 
finally obtained which consists very largely of 
particles resembling in size and staining properties 
those seen in the smears made from the original 
virulent material and thought to be virus, and the 
demonstration that the virulence of the original 
suspension has moved with the particles and that 
they react specifically with a known antiserum 
completes the proof that virus and particles are one 
and the same. There is, therefore, no doubt that 
the larger viruses can be seen with the microscope. 
They look like minute micro-organisms, and tlus 
conception of their nature finds support in the 
dark-ground photomicrographs that Barnard has 
produced of unfixed and unstained viruses. 

Turning now to the practical application of this 
work to the diagnosis of virus disease, it is obvious 
that direct microscopy can be of use only in the 
case of the large viruses. Even here the limitations 
of the method are greater than in bacterial infections. 
The largest viruses are so much smaller than bacteria 
that they can be detected only if they are present in 
considerable numbers, and the occasions when their 
identity can be assumed because they have been seen 
in smear preparation are very few. However, the 
method is not without value and it finds its use 
particularly in the diagnosis of infections due to 
that group of large viruses which are distinguished 
from the others by staim'ng by Castaneda’s or 
Macchiavello’s methods. For that matter, this 
group possesses other characteristics that mark it 
off from the rest : the viruses are larger, and when 
they multiply they present a regular sequence of 
morphological change, recalling those changes in 
size and shape which a bacterium o'ften undergoes 
when multiplying. This group contains amongst 
others the agents of trachoma, inclusion conjunc- 
tivitis or inclusion blenorrhoea, lymphogranuloma 
venereum, and psittacosis. The use of microscopy 
in confirming the diagnosis of trachoma, particularly 
in its early stages, is well known. Halberstaedter 
anS yon Prowazek (1907) were first to demonstrate 
the characteristic cytoplasmic inclusions in the 
conjunctival epithelium in this condition, and the 
more recent work of Thygeson and Proctor (1935) 
has shown that the particles which occur both free 
and inside the cells and which are readily stained by 
Castaneda or Giemsa are, in fact, the virus. 


Inclusion conjunctivitis . — Infection with the closely 
related virus of inclusion conjunctivitis is of greater 
interest to us, since it is of commoner occurrence 
than trachoma in this country. This virus is 
morphologically indistinguishable from that of 
trachoma; the exact relationship of the two, though 
obviously close, is yet to be determined. Like the 
trachoma virus, it is a parasite of man and is found 
producing infection of the conjunctiva and the 
mucous membrane of the cervix and the male 
urethra. Cells infected svith this virus present 
inclusions which in situation, structure, and staining 
properties bear an extremely close resemblance to 
those of trachoma. They consist of masses of virus 
particles held together by inclusion material w’hich 
is basophilic and scanty in amount. These inclusions 
differ, therefore, from w'hat one might call the 
“typical” virus inclusion, in which the inclusion 
material is acidophil and present in such amount as 
completely to mask the virus, and it is this scantiness 
of inclusion material in the inclusions produced by 
the group of Castaneda-positive viruses which has 
made it so much easier to study and recognize their 
true structure. Like the other members of this 
group, the virus of inclusion conjunctivitis shows 
the sequence of developmental forms to which 
reference has already been made. The large forms, 
which are almost the size of staphylococci, have been 
called by Lindner (1910) “initial bodies,” since in 
his opinion, they represent the initial stage in the 
development of the virus, a view which is fuUy 
supported by recent work. As the virus multipfies — 
and all appearances suggest that it does so by simple 
division — smaller and smaller forms are produced 
until, when the colony is fuUy grown and the cell is 
ready to break down and discharge its sirus content, 
all the virus is in the form of elementary bodies. 

Inclusion conjunctivitis occurs either as a neonatal 
infection, when it is acquired in precisely the same 
way as gonococcal ophthalmia, or in older children 
or adults, when it is often called swimming-bath 
conjunctivitis. Both * forms are associated with 
inflammation of the conjunctiva and some dis- 
charge ; scattered follicles may be present. Diagnosis 
is made by the microscopy of conjunctiral scrapings 
suitably stained, and some idea of the incidence of 
the neonatal form can be gathered from a recent 
paper by Sorsby and others (1944), who found 
twenty-seven cases in 269 of all forms of conjunc- 
tiwtis in infants. 

Cervicitis and urct/witis . — Infection of the mucosa 
of the female genital tract is usually silent, but it can 
be revealed by the examination of stained smears of 
cervical scrapings. In the male, infection of the 
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urethra takes a subacute form which may become 
chronic and persist for months ; this infection of the 
genital tract is transmitted by sexual intercourse and, 
although it undoubtedly occurs in this country, it 
appears to be uncommon. 

Psittacosis . — ^The virus of psittacosis is another 
that can be recognized microscopically; and, 
although it is not suggested that direct microscopy is 
of value as a diagnostic procedure in human infec- 
tions with this virus, it is undoubtedly of use in the 
case of infection of birds. It is often possible to 
find the virus in smears made from the spleen, which 
is commonly enlarged, or with material from the air 
sacs, where infection often resides, and so to make 
an early diagnosis. 

Lymphogramdovia venereum . — Lymphogranuloma 
venereum virus, another member of the Castaneda- 
positive group, can also be detected in suitably 
stained smears of the pus from the inguinal buboes 
which occur in the male and when the primary lesion 
is penile, or when it is situated in the anterior part 
of the genital tract of the female. Though possibly 
worth making, this investigation has not the same 
value in the diagnosis of lymphogranuloma venereum 
as isolation of the virus, the Frei test, or the com- 
plement fixation reaction. 

Smallpox . — As a further example of the diagnostic 
value of the microscopical demonstration of virus, 
mention might be made of its use in smallpox. This 
virus is of a size readily visible under the microscope, 
and a number of staining methods are available for 
its demonstration, some of which, such as the alka- 
line methyl-violet method of Gutstein (1937), are 
quite simple. The virus is present in quantity in the 
skin lesions and, as van Rooyen and Illingworth 
(1944) have shown, microscopic examination of 
suitably stained smears made from scrapings 
obtained from the base of papules or vesicles can be 
of considerable diagnostic value. In the cutaneous 
lesions due to herpes febrilis, zoster, or varicella, the 
virus particles, though present and staining by the 
methods applicable to variola, are neither so 
numerous nor so large as variola virus. Van 
Rooyen and Illingworth used Paschen’s staining 
method. Commenting on this diagnostic procedure, 
Downie (1946) states a preference for Gutstein’s 
stain and points out that smears made from pustular 
lesions or crusts are unreliable, that a negative result 
does not exclude smallpox, and that the test would 
not differentiate between the lesions of smallpox 
and vaccinia. 

Demonstration of specific histological changes. — 
Quite apart from the possibility of demonstrating 


the virus itself, there are, in many virus diseases, 
demonstrable histological changes in the infected 
cells which are sufficiently distinctive to be of diag- 
nostic value. These are the inclusion bodies found 
in the cytoplasm or the nucleus of the affected cells, 
bodies of varying size, usually homogeneous in 
appearance and acidophil in staining reaction, which 
may come to occupy the major part of the nucleus 
or a considerable part of the cell’s cytoplasm. 
Doubt still exists as to the exact nature of the 
nuclear inclusions, but it has been shown that many 
cytoplasmic inclusions are virus colonies, masses of 
virus embedded in a matrix of homogeneous 
material. It is this latter material which gives to 
many of these inclusions their appearance of 
homogeneity and affinity for acid dyes. In the case 
of the cytoplasmic inclusions produced by the 
Castaneda-positive viruses, inclusion material is in 
insufficient quantity to mask the virus particles, and 
these can usually be readily seen either in Castaneda- 
or Giemsa-stained preparations. Even where the 
inclusions appear homogeneous when fixed and 
stained, it is still possible, as Barnard has shown in 
the case of ectromelia, to demonstrate the true 
nature of the inclusion by using dark-ground 
illumination. The difference in refractility of virus and 
inclusion material shows up the former as bright dots. 

At one time it was thought that only infection 
with a virus could produce inclusion bodies, but it 
is now known that very similar appearances can be 
produced experimentally by other means. This 
applies particularly to nuclear inclusions. None the 
less, the finding of inclusion bodies can be taken as 
presumptive evidence of a virus infection, and in 
some instances their demonstration has diagnostic 
value. The finding of Negri bodies, the acidophil 
cytoplasmic inclusions produced by rabies virus in 
nerve cells, confirms the diagnosis of suspected 
rabies in the dog. And mention has already been 
made of the demonstration of the Halberstaedter- 
Prowazek bodies in trachoma and the similar 
inclusions in inclusion conjunctivitis, cervicifis, and 
urethritis as diagnostic procedures. Paul’s test for 
smallpox, which depended on the production of 
lesions in the rabbit’s cornea characterized by 
cytoplasmic inclusions, has been largely superseded 
by the demonstration of the infective agent in the 
skin lesions either by direct microscopy or byflthe 
complement fixation test. 

Isolation of tlie Virus 

If the application of microscopy to the diagnosis 
of virus infections has been dealt with at some 
length this has been done deliberately in order to 
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emphasize that, contrary to common belief, many 
viruses are sufficiently large to be seen and recog- 
nized by means of the microscope. The limitations 
of this procedure have not, however, been lost to 
sight, and, in virus infections as in any other infec- 
tive process, the aim of the laboratory should be 
the isolation and identification of the infective agent. 
Unfortunately this is less easy to achieve than in 
bacteria] disease. Not only is the isolation and 
identification of a virus a lengthy and often difficult 
procedure; involving the infection of animals or 
embiyonated eggs, the study of the histological 
lesions produced by this infection, and the applica- 
tion of serological tests usually in the form of the 
neutralization reaction, but there are quite a number 
of viruses infecting man for which a suitable 
experimental animal has not been found. The 
viruses of zoster, varicella, and infective hepatitis 
exemplify this: to them, man alone would seem to 
be susceptible. Or it may be that the only suscep- 
tible species of am'mal is so expensive as to preclude 
its routine use; it is this factor, probably more than 
any other, which has delayed our understanding of 
poliomyelitis and its epidemiology. Even where a 
virus can be isolated by the use of the incubated egg 
or an inexpensive animal, the time taken to establish 
and identify it is too long to make the procedure of 
immediate diagnostic importance. That does not 
mean that every attempt should not be made to 
isolate the agent of a suspected virus infection, 
because this should, of course, always be done where 
the diagnosis is in doubt. The foUowing examples 
illustrate some of the commoner uses of this form 
of investigation. 

Egg inoculation. — ^It is at times important to 
know whether an outbreak of clinical influenza is 
due to one of the known influenza viruses and, if 
so, which one. This might be necessary, for instance, 
at the commencement of an epidemic when prophy- 
lactic immunization is contemplated; and, though 
at one time the ferret would have been chosen as the 
most suitable animal for the purpose, probably the 
incubated hen’s egg would now be the choice. 
Hirst (1942 and 1945) has found the injection of 
naso-pharyngeal washings into the amm’otic sac of 
thirteen-day eggs slightly superior to ferret inocula- 
tion for the isolation of influenza A virus, an 
observation confirmed by Burnet and others (1942). 
And Beveridge and others (1944) employed the same 
method successfully for the isolation of influenza B 
virus. The combination of penicillin and sulpha- 
diazine with the crude washings does away with the 
necessity for filtration. The embryonic membranes 
of the developing hen's or duck’s egg — the amniotic. 


allantoic, and yolk sacs and the chorio-allantois — 
provide admirable means for the cultivation of a 
number of viruses to which man is susceptible; in 
addition to influenza A and B, the viruses of herpes 
simplex, psittacosis, lymphogranuloma venereum, 
mumps, measles, lymphocytic meningitis, and 
smallpox can all be grown on one or other of these 
membranes. Incidentally, North and others (1944) 
utilized inoculation of the chorio-allantois with 
suspensions of skin crusts in the diagnosis of 
smallpox, a procedure the value of which has been 
fully confirmed by Downie (1946) and Downie and 
Dumbell (1947). 

Value of animal inoculation. — ^Invaluable though 
the egg technique has proved in virus work, it has by 
no means superseded the use of experimental 
animals, for there are occasions when only the 
latter are suitable to the work in hand. This is true, 
for instance, of poliomyelitis, where inoculation of 
the monkey is our only means of demonstrating the 
presence of the virus. Even in those cases where 
the virus sought will infect both eggs and animals 
it is advantageous to use both; it increases the 
chance of success and it may well be that the disease 
produced in the animal is more distinctive than the 
changes resulting from infection of the egg. The 
latter may, in fact, be so inconspicuous as to make 
their detection difficult and uncertain, as in infection 
of the chorio-allantois with the virus of lymphocytic 
chorio-meningitis. Or, as recent work on rinderpest 
has shown (Shope and others, 1946), a virus may 
multiply within the developing egg without producing 
any detectable naked-eye or histological changes or 
even death of the embryo. 

Meningitis . — So where both egg and animal are 
available for our purpose we use both. This is true, 
for instance, in the investigation of acute aseptic 
meningitis, a syndrome due to a number of viruses, 
some of which have been identified. Of these, the 
virus of lymphcKynic choriomeningitis of Armstrong 
and Lillie is responsible for about one-third of cases. 
At any rate, that would appear to be so in North 
America, though one has the impression that it is a 
less frequent cause of benign meningitis in this 
country. Other viruses which have been found 
produdng this form of meningitis are the pseudo 
lymphocytic choriomeningitis sirus of MacCallum, 
Findlay, and Scott (1939) and the virus of 
lymphogranuloma venereum. 'Infection with the 
last-named virus may rarely present as a meningitis 
(Sabin and Aring, 1942), and the virus of .MacCallum 
and Findlay has been isolated on only two occasions; 
more than half the cases of this condition are due to 
a virus or viruses yet to be identified. The three 
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known causal agents are to be found in the cerebro- 
spinal fluid, and all these are pathogenic for the 
mouse and guinea-pig. Wherever the diagnosis of 
acute aseptic meningitis is in question, cerebro- 
spinal fluid collected as early in the disease as 
possible should be injected intracerebrally in mice 
and subcutaneously in the thigh of guinea-pigs. 
Should any of the three viruses be present, encephali- 
tis may develop in one or more of the mice, and the 
virus so isolated can be established and studied. 
The virus of Armstrong and Lillie (1934) will often 
infect the guinea-pig, producing a generalized 
infection with pyrexia, wasting, and salivation, the 
animal dying usually in from nine to sixteen days. 
Should the case of meningitis prove to be tuberculous, 
and in the early stages of this condition the differen- 
tial diagnosis from benign lymphocytic meningitis of 
virus origin may well ai ise, the mice will remain 
well whereas the guinea-pigs will develop tuber- 
culosis. 

Lyviphograniiloim venereion . — In addition to pro- 
ducing an encephalitis when inoculated intracereb- 
rally in mice, lymphogranuloma virus also produces 
a local ' lesion when injected sub-cutaneously in 
the guinea-pig’s thigh, and an enlargement 
of the inguinal lymph nodes occurs; the lesions 
can be examined histologically; and, by further 
passage in animals and eggs, the virus can 
be established and identified. The use of monkeys 
in such an investigation has not been mentioned 
because they are expensive and not essential, 
though, if available, one or possibly two might be 
inoculated intracerebrally. And it has been 
assumed that eggs, if available, will.be used in 
parallel with the animals. 

Psittacosis g/-n//p.— Another example of the use of 
animal inoculation, in addition to eggs, in the diag- 
nosis of virus infection is provided by diseases caused 
by viruses of the psittacosis group. Human infection 
with psittacosis virus is often associated with some 
degree of pneumonia, and either sputum or lung 
puncture material can be used for animal inoculation, 
though in psittacosis pneumonia sputum is often 
scanty. The mouse is the animal usually employed ; 
and, if sputum is the material chosen, the presence of 
bacteria, particularly the pneumococcus, may 
introduce a complication. Though the bacteria can 
be got rid of by filtration, this also reduces the 
amount of virus, and a better procedure is to 
protect the mouse against the bacteria by means of 
sufphonamides, to which psittacosis virus is insen- 
sitive, or relatively so. This procedure has the 
additional advantage, if the mice have been inocu- 
lated by the nasal route, of preventing a lighting up 


of latent infection of the mice with the virus of Nigg 
(Nigg and Eaton, 1944), present in many mouse 
stocks. This vims belongs to the Castaneda-positive 
group and is fortunately susceptible to sulphon- 
amides. And, in connexion with the use of mice for 
the isolation of psittacosis virus, it is important that 
both the intranasal and intraperitoneal routes of 
inoculation should be employed, because certain 
strains of psittacosis virus produce only an inappar- 
ent infection when introduced into the peritoneal 
cavity. This is true of pigeon strains, and here it 
might be pointed out that the host range of this 
virus is much more extensive than was at one time 
thought. In addition to birds of the parrot tribe, 
certain species of finch, fulmar petrels, pigeons, the 
domestic fowl, and ducks have been found to suffer 
from natural infection with psittacosis vims and to 
be responsible for human infections. 

Serological Investigation 

It is still far from being widely appreciated that 
those serological tests which are in daily use in the 
identification of bacteria and the diagnosis of 
bacterial disease are equally applicable to vimses. 
Virus workers themselves have been to some extent 
responsible for the tardy recognition of this fact. 
There is no need here to consider the reasons for 
this ; it is sufficient to note tliat it is now well estab- 
lished that the precipitin, agglutination, and comple- 
ment fixation tests are all available for the investi- 
gation of vimses and the diseases they cause. 
And, because it is more difficult to obtain a suspen- 
sion rich in virus than is the case with a bacterium, 
the complement fixation test is the serological 
reaction which has been found most suitable for 
vims work, since, as Merril has shown (1936), this 
test has a lower antigen threshold than the precipitin 
or agglutination reactions. A serological test could 
be used in the diagnosis of a virus infection either 
for the purpose of demonstrating the presence of 
virus in the infective material or for the detection 
of antibodies formed in response to the infection. 

Demonstrating virus in infective material. As 

an example of the former we have the use of the 
complement fixation test in the diagnosis of small- 
pox. Craigie and Wishart (1936) have shown that 
this is a reliable test for the presence of variola 
antigen in the vesicle fluid or in an extract made 
from the crusts of older skin lesions; the serum 
employed is one made against vaccinia virus in fJ 7 e 
rabbit. Tulloch (cited by Downie, 1946) has had 
wide experience of this test in the outbreaks of 
smallpox which occurred in Scotland in the war 



LABORATORY DIAGNOSIS OF VIRUS INFECTIONS 


7 


of 1939-45; he considers the test to have a high 
diagnostic value. This opinion is shared by Downie 
(1946), who found that vesicle fluid or crusts from 
twenty-two cases suspected of being smallpox on 
clinical or epidemiological grounds gave a positiv'e 
result; his material came from twelve different 
outbreaks. Similar material from other conditions, 
such as varicella, zoster, or septic skin rashes, gave 
a negative reaction. He concludes that this is the 
most valuable single laboratory test available for the 
diagnosis of smallpox, an opinion which seems fully 
justified by the evidence. 

This is one of the few examples, however, of this 
particular use of serological reactions in the diag- 
nosis of human virus infections. It has, at times, 
been applied, in conjunction with animal inoculation, 
for the differentiation of zoster from herpes simplex, 
using a known positive convalescent zoster serum 
and the fluid from the vesicular eruption (Bedson, 
unpublished observations). 

Detection of antibodies. — But, generally speaking, 
the concentration of antigen in infective material 
from virus infections is too low even for its detection 
by the complement fixation reaction, and it is for 
this reason that the indirect use of such a test (that 
is, for the demonstration of specific antibody in the 
patient’s serum) is of so much wider application as a 
diagnostic procedure. It would be impossible here 
to give a comprehensive survey of this use of the 
complement fixation test; a few illustrative samples 
will have to suffice. 

Lymphocytic choriomeitingitis . — In the course of 
infection with the virus of lymphocytic chorio- 
meningitis, complement fixing antibodies are devel- 
oped (Smadel and others, 1939) for the soluble 
antigen of this virus. Although these antibodies 
have probably nothing to do with immunity to this 
virus, they are specific and their presence diagnostic 
(Smadel and others, 1939; Lepine and Sautter, 1938). 
The soluble antigen is present in considerable 
amount in the tissues of the e.xperimentally infected 
animals, and a suspension of the spleens of guinea- 
pigs succumbing to lymphocytic choriomeningitis 
provides a satisfactoiy antigen which remains stable 
when stored in the refrigerator for months or even 
a year or more. It is important to note that a 
freshly made spleen suspension may give false 
reactions, it should be allowed to age for two to 
three weeks before use. Although the American and 
French work already referred to leaves no doubt as 
to the specificity and diagnostic value of this test, 
limited experience of its use in this country has been 
disappointing (Bedson, unpublished findings). Dur- 


ing the Nvar a number of sera from cases of benign 
aseptic meningitis have been examined • without 
obtaining a single positive result, and, although in 
some of these cases this was probably due to their 
not being caused by the virus of LiJh'e and Arm- 
strong, there were two from which this virus was 
isolated by mouse inoculation. 

Influenza . — The complement fixation test can also 
be applied to the diagnosis of influenza (Smith, 
1936; Hoyle and Fairbrother, 1937; Fairbrother 
and Hoyle, 1937 ; Francis and Magill, 1937 ; Tulloch, 
1939), but since antibodies to influenza v'irus are to 
be found in detectable though low titre in the blood 
of most adults and older children, diagnosis depends 
on demonstrating a significant increase in these 
antibodies, and that makes the findings mainlj’ of 
retrospective interest. This being so the neutraliza- 
tion test, which takes so much longer to do, might 
equally well be employed, and in the past it is the 
neutralization test which most workers have used. 
It may be, of course, that the Hirst phenomenon of 
agglutination of the red cells of the domestic fowl by 
influenza virus (1941), which is specifically inhibited 
by influenzal antibody and can be used as a method 
of antibody titration, will eventually largely replace 
both complement fixation and neutrah'zation 
tests. 

Virus aggliiiination of T,.d cells. — The subject of 
virus agglutination of red cells, which, since Hirst’s 
original work, has been the object of much study, 
principally by Burnet and his colleagues in AustraUa, 
leads to mention of a recent observation from 
Burnet’s laboratory. This is not the place for any 
detailed consideration of all the interesting work 
done in this field; suffice it to say that the pheno- 
menon of red-cell agglutination is not confined to 
the influenza virus and chick cells ; other viruses will 
do this, and the red corpuscles of certain species of 
mammal, including man, are agglutinated as well as 
chicken red cells. The absorbed virus responsible 
for the agglutination is liberated after a few hours ; 
this fact, incidentally, is utilized in the concentration 
of the influenza viruses in the preparation of 
influenza vaccine. 

The recent observation of Burnet and Anderson 
(1946) to which it is desired to draw attention is that 
human red cells which have been agglutinated by 
the virus of Newcastle disease of fowls and from 
which the \irus has been eluted have become 
susceptible to agglutination by the majority of sera 
from recent cases of glandular fever. This work is 
still in its initial stages. The evidence produced by 
Burnet and his colleague suggests that the change in 
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the cells is due to the absorption of antigenic material, 
other than virus, produced by Newcastle disease 
virus when growing in chick embryo cells. Burnet 
(1946) has also shown that human red cells treated 
with egg-grown .mumps virus provide a sensitive 
test for mumps antibody in human sera. Although 
much remains to be done, this work opens up such 
exceedingly interesting possibilities that it seemed 
well worth mentioning. 

Psittacosis-lyniphogranulorna vauereum group . — It 
is perhaps in the diagnosis of infections with the 
viruses of the psittacosis-lymphogranuloma vene- 
reum group that the complement fixation test has 
been most widely applied. This test has been used 
in the diagnosis of psittacosis in man (Bedson, 1 935 
and 1937) for eleven years or more, and the work 
of Meyer and his colleagues and others in America 
has confirmed its value. By means of this test 
support was given to the findings of Haagen and 
Mauer (1939) that cases of an atypical pneumonia 
occurring in the Faroe Islands were due to psitta- 
cosis or some very closely related virus, and it was 
used to show that a similar clinical condition in 
Iceland had a like aetiology (Bedson, 1940). Infec- 
tion in these cases originated in fulmar petrels. 
Some involvement of the lung is of frequent 
occurrence in human infections with psittacosis 
virus, and it has long been recognized that the 
resulting pneumonia was unlike bacterial pneumonia 
in its clinical signs and histological picture. It was 
not, therefore, very surprising when Eaton and 
others (1941) showed that some cases of the condi- 
tion known as primary atypical pneumonia, which 
in the recent war assumed almost epidemic propor- 
tions in this country and elsewhere, were due to 
psittacosis virus. This observation was based on 
isolation of the virus from sputum or lung material 
and the demonstration of a positive complement 
fixation test with the patients’ sera. Subsequent 
work has shown that an appreciable proportion of 
cases presenting this syndrome, which Reimann 
(1946) quite rightly prefers to name “virus pneu- 
monia,” are due to viruses belonging to the 
psittacosis group. Smadel (1943), for instance, 
found that some 15 per cent of forty-five cases of 
so-called primary atypical pneumonia were probably 
due to a psittacosis virus, and, in a serological 
sur\’ey made of this condition in England during the 
war, nine cases out of 1 20 had a very high or rising 
titre of antibody for psittacosis virus (Bedson; 
unpublished findings). 

The more extensive use of the psittacosis com- 
plement fixation test resulting from these investiga- 
tions has shown that the mere presence of such an 


antibody in the serum of an individual does not 
necessarily mean active infection with a virus of this 
group. As in the use of any serological test for 
antibody as a diagnostic procedure, the demonstra- 
.tion of a rising titre of antibody is necessary to 
postulate active infection. Smadel (1943) rightly 
insists that only a fourfold rise in psittacosis antibody 
should be accepted as evidence of active infection, 
and with this the writer would fully concur. The 
recent work in America showing that the viruses 
belonging to the Castaneda-positive group are 
closely similar in antigenic structure has introduced 
a further complication. Rake and others (1941) 
found that sera from patients infected with the 
viruses of lymphogranuloma venereum and the 
psittacosis group all cross-reacted when tested by 
the complement fixation test with , these viruses. 
They further showed that cases of atypical pneu- 
monia due to a psittacosis virus might give a positive 
Frei test. And the demonstration by Rake and 
others a year later (1942) that the sera from cases 
of trachoma and inclusion conjunctivitis may fix 
complement with the antigens of lymphogranuloma 
virus suggests that these two viruses also share 
antigens with the psittacosis-lymphogranuloma 
group. There is further evidence obtained from 
cross-immunity experiments in animals confirming 
the close relationship between the viruses of the 
psittacosis group — parrot psittacosis, pigeon psitta- 
cosis or ornithosis, and the virus isolated by Eaton 
and others from atypical pneumonia — and the virus 
of lymphogranuloma venereum. How close this 
relationship will prove to be remains to be seen, but 
the immediate practical bearing of this work is that 
the serological tests which have been accepted in the 
past as specific for psittacosis and lymphogranuloma 
venereum can no longer be so regarded. And the 
Frei test, as one might expect, would appear to be 
no more specific than the serological tests. Though 
this does not mean that these tests are without 
value, it does emphasize the importance, which of 
course always existed, of invariably interpreting 
them in conjunction with the clinical findings. 

General Remarks 

This account of the part which the laboratory can 
play in the diagnosis of virus infections is far from 
complete. Only the more important examples of 
this have been mentioned, and they have been given 
shorn of much detail and supporting evidence. It 
is hoped, however, that this paper will have shown 
that the laboratory can be of help, not just occa- 
sionally by making some special investigation, but 
in an everyday routine way. 
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MENINGOCOCCAL MENINGITIS WITH PARTICULAR 
REFERENCE TO EPIDEMIOLOGY AND 
PATHOGENESIS 
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In this country cerebrospinal meningitis (fever) is 
an endemic disease found mainly in children and 
adolescents ; local outbreaks occur, but they are rare 
and usually involve few individuals. The disease 
has, however, a marked predilection for war-time 
conditions; relatively extensive outbreaks occurred 
during the 1914-18 war, and again to an even 
greater extent diuing the 1939-45 war. These 
outbreaks involved individuals of all ages, including 
Service personnel, but ' ; is interesting to note that, 
even though there was i great increase in the total 
number of cases noti’.ed, these tended, to occur 
singly and an epidemic, in the. generally accepted 
- sense, did not develop 

Although such general factors as the enhanced 
virulence of the meningococcus and the resistance 
of the individual are well recognized as playing an 
important role in the epidemiology of the disease, 
a precise e,\planation of the peculiar nature of the 
outbreaks is still lacking. A popular theory is that 
outbreaks of cerebrospinal meningitis result from a 
widespread meningococcal infection of the naso- 
pharynx in the general population (Ministry of 
Health Memorandum, 1940). Many workers accept 
the hypothesis developed by Dopter (1921) that 
meningococcal infection occurs in three progressive 
stages : (1) catarrhal, (2) septicaemic, and (3) menin- 
gitic; in the majority of cases the infection is 
arrested at the catarrhal stage and the occurrence 
of meningitis is a rare phenomenon (Lundie and 
others, 1915; Herrick 1918; Murray, 1929; 
Brinton, 1941). The evidence offered to support 
this ■ hypothesis is, however, inconclusive and 
unconvincing. Furthermore this theory does not 
provide a solution of many problems presented in 
the various outbreaks, and it seemed desirable that 
the question should be re-examined in the light of 
information gained during the 1940-42 outbreak. 


During the past seven years an opportunity has 
been available of studying the disease under Service 
and civilian conditions diu’ing both so-called 
epidemic and interepidemic periods and it was 
possible to direct attention particularly to the 
epidemiology and pathogenesis of the disease. 
The results are discussed below ; they do not support 
the above hypothesis and an alternative is offered. 

Technique 

Cerebrospinal fitiid . — Samples of cerebrospinal fluid 
were centrifuged as soon after collection as possible for 
5 or 10 minutes; the supernatant fluid was decanted 
and the deposit seeded heavily on to Loefiler serum 
slopes and blood-agar plates, films were then made and 
the remainder of the deposit added to 10 ml. of glucose- 
broth, usually containing a small amount of para- 
aminobenzoic acid. Incubation was carried out at 
37° C. ; the blood-agar plates were usually placed in an 
atmosphere containing approximately 10 per cent carbon 
dioxide. 

Nasopharyngeal swabs . — Material was collected from 
the nasopharynx by means of the West swab, which was 
pressed and then stroked firmly against the mucous 
membrane. Cultures were prepared on blood-agar 
plates; after overnight incubation under ordinary 
atmospheric conditions, suspicious colonies were sub- 
cultured on to Loefiler slopes for further investigation ; 
the plates were invariably incubated a further twenty-four 
hours and re-examined. 

Blood cultures . — ^Ten ml. of blood were collected by 
venepuncture; 2 ml. were added to a small amount of 
trypsin broth before mixing with 10 ml. agar, 2 ml. 
'to Robertson’s meat medium, and the remainder was 
placed in 25 or 50 ml. of glucose broth. Incubation at 
37° C. was continued for seven to fourteen days before a 
negative report was given, subcultures on Loefiler serum 
slopes being made after forty-eight hours and later as 
indicated. 

The identification of the meningococcus was carried 
out by fermentation tests with sucrose, maltose, and 
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glucose in Hiss’s serum water and finally by agglutination 
tests using Standard Group sera. The suspensions for 
the agglutination tests were made. by emulsifying the 
growth from a Loeffler slope in normal saline and adjust- 
ing to a light opacity; the tube method with incubation 
at 55° C. was used. Standard Group sera, from Army 
and M.R.C. sources, were used throughout. 

Preliminary tests were frequently carried out by the 
slide agglutination technique; useful information was 
obtained when the strains readily agglutinated, but this 
method proved unsatisfactory with relatively inagglutin- 
able organisms. 

Scope of the Investigation 

Material was collected from various sources during 
this investigation, particularly from cases, close 
contacts of cases, and members of the general 
community (Table 1). 


TABLE I 

SOURCE OF MA.TERJAL 


Type of case 

Number 

:: 

105 

47 

Purulent conjunctivitis 

2 

Chronic septicaemia 

3 

? Carrier 


/close contacts 

144 

\general community 

530 


Cerebrospinal fluid only was examined from the 
civilian cases of meningitis, but the Service cases 
were investigated in greater detail. Cerebrospinal 
fluid was exaim'ned from all, while blood cultures 
and nasopharyngeal swabs were collected from a 
lirm'ted number. The search for carriers was 
carried out by the collection of nasopharyngeal 
swabs. Close contacts (Service personnel) were 
considered to be individuals occupying beds 
adjoining the case or all occupants of small rooms 
or tents in which the case was sleeping (War Office 
Memorandum, 1940). While such a defim'tion did 
not embrace all dose contacts, it did ensure that all 
members of this group had been e.xposed to the 
nasopharyngeal discharge of the patient a short 
time before the collection of the swab. 

Clinical Course and Therapy 
The various clinical manifestations of meningo- 
coccal infections have been described in detail by 
Rolleston (1919)', Priest (1941), and Brinton (1941). 
The cases seen during this investigation followed 


the general pattern. The cases of meningitis during 
the 1940-42 outbreak were mainly' of a severe type, 
the initial symptoms being headache, neck rigidity, 
vomiting, and malaise. Some examples of the 
fulminating meningeal type were seen; these 
within a few hours of the onset of the disease 
exhibited mental confusion and delirium. During 
the later stages of the outbreak the mild abortive 
form of the disease was occasionally encoimtered. 
No examples of adrenal involvement (Waterhouse- 
Friderichsen syndrome) or of encephalitis (Banks 
and McCartney, 1942) were seen. 

Intensive chemotherapy with a sulphonamide, 
usually sulphapj'ridine, was begun immediately the 
diagnosis v/as established on the lines recommended 
by Banks 0939). Serum was not used. The usual 
practice was to examine the cerebrospinalfluid before 
chemotherapy w'as instituted; the fluid was invari- 
ably turbid and meningococci generally demon- 
strable. 

In the fulrmhating types of disease the soluble 
form of the sulphonamide W'as administered bj' the 
intravenous route. 

The results were excellent: in the group of 105 
Service cases there was only one death. This- is 
very much lower than the general mortality rate for 
the disease, but it must be appreciated that the 
cases were adults of military age and that therapy 
was usually instituted early in the disease; it is 
well known that the mortality rate is hipest at the 
extremes of life (Jubb, 1943 ; Beeson and W'estennan, 
1943). 

Several cases of chronic meningococcal septi- 
caemia were suspected on clinical grounds, but in 
only three instances was it possible to confirm the 
diagnosis by blood culture. .When this was accom- 
plished sulphonamide therapy was instituted .with 
the anticipated dramatic efiect. 

Bacferiologj' 

Meningococci isolated during this investigation 
generally behaved in the characteristic manner 
which was described in detail by Murray (1929). 
A few’ interesting features were, however, observed, 
and these merit special consideration. 

The standard solid media used throughout ihe in%-esti- 
gation were 6 per cent blood-agar plates and Loefiler 
serum slopes. Both media gave a satisfactoiy growth 
but it was observed that, under ordinarv- atmospheric 
conditions, strains isolated in pure culture directly from 
the cerebrospinal fluid grew readily on the LocfTlcr 
serum slopes in screw-cap bottles, while growth on 
blood-agar plates was not infrequently poor; incubation 
of the blood agar plate in 10 per cent carbon dioxide, 
howiever, gave a luxurious growth. It therefore follows 
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that, if blood-agar is used for the isolation of the 
meningococcus from cerebrospinal fluid, incubation 
should be carried out in an atmosphere containing carbon 
dioxide. 

Biochemical tests were limited to the fermentation of 
glucose, maltose, and sucrose in serum-water. The great 
majority of strains gave consistent results, glucose and 
maltose being fermented but not sucrose; irregularities 
were occasionally found. 

The agglutination tests followed the generally accepted 
rule that strains isolated during an “epidemic” period 
agglutinate readily with standard sera, but during 
“non-epidemic” periods inagglutinable strains tend to 
appear. During the main 1940-42 outbreak, cerebro- 
spinal fluid strains agglutinated readily with the Standard 
Group sera; many gave clear-cut agglutination only 
with Group I serum, but some did not exhibit any marked 
antigenic specificity and agglutinated also to varying 
degrees with Group II serum. Many indications of the 
complex antigenic structure of the meningococcus were 
obtained during this investigation, but it was not possible 
to examine this problem. A simple classification by 
means of Standard Group sera only was attempted. 

When the large outbreak had subsided and 
infrequent sporadic cases only were reported, a 
dilferent serological picture was seen. Thus during 
the 1946-7 winter several severe cases, mainly in 
infants, were investigated; meningococci were 
isolated from the cerebrospinal fluid but these 
tended to agglutinate poorly, usually giving a slight 
reaction only with the Group II serum; one strain 
proved to be inagglutinable with the sera available 
(Table II). 

Nasopharyngeal swabs gave similar results; 
strains isolated during ;he main outbreak were more 
easily grouped than those obtained during the 
non-epidemic period. Throughout the investigation 
Group II strains were predominant. 

Epidemiology 

The epidemiology of cerebrospinal meningitis 
presents several unusual features for which no 
adequate explanation has been offered. The 
marked predilection of the disease for war-time 
conditions has long been recognized, and therefore 
the sudden widespread outbreak of the disease at 
the beginning of 1940 was not unexpected. It is 
interesting to' note that the incidence of the disease 
in this country during 1940 reached the unprece- 
dented total of 12,771 cases; this figure is actually 
greater than the total figures for the 1914-18 period. 
There was not, however, an epidemic in the generally 
accepted sense of the term; cases were widely 
distributed, occurred sporadically, and involved 
individuals of all ages. Fortunately the sulphon- 
amidcs proved excellent therapeutic agents and 
some of the serious problems of 1914-18, such as 


the high mortality rate and long periods of hospital- 
ization, did not arise. 

During the 1914-18 outbreak special research 
teams carried out extensive investigations of the 
disease and the following important fundamental 
points were established: many normal individuals 
harbour the meningococcus in their nasopharynx; 
cases of cerebrospinal meningitis develop almost 
entirely from contact with a carrier (instances of 
infection from other cases of the disease occur but 
they are relatively rare); the disease is transmitted 
by droplet infection, and consequently overcrowding 
and poor ventilation play prominent roles in the 
spread of infection. 

The precise significance of the carrier is uncertain. 
Glover (1920) claimed that a carrier rate of over 
20 per cent in a community was not only an index 
of overcrowding but also a warning of an impending 
outbreak of meningitis, and he stressed the import- 
ance of the search for carriers as a prophylactic 
measure. Subsequent observations have, however, 
failed to confirm this rather extreme view. Dudley 
and Brennan (1934) in a naval garrison found a 
carrier rate of 13 per cent associated with 11 cases 
of meningitis, while at a later period the carrier 
rate was 55 per cent but no case of meningitis 
developed. Other workers have also found carrier 
rates over 20 per cent without any increased incidence 
of meningitis (Straker et al., 1939). It is, therefore, 
obvious that the development of meningitis in an 
individual is dependent on factors other than the 
presence of carriers in the community, and there is 
little doubt that these are closely concerned with 
(1) the virulence of the meningococcus, and (2) the 
resistance of the host. 

Virulence of meningococcus. — ^The absence of 
suitable animals has prevented a detailed study 
of this problem and it has been necessary to depend 
mainly on indirect serological tests for information. 
During the 1914-18 outbreak four serological types 
were identified (Gordon and Murray, 1915); these 
types were not sharply demarcated and considerable 
antigenic overlapping occurred. In view of this 
other workers (Griffith, 1918; Scott, 1918) con- 
sidered that the most practical serological classifica- 
tion was into two main groups — Group I embracing 
types I and III, and Group II comprising types 11 
and IV. It was generally recognized that inagglutin- 
able strains were particularly prominent in the 
nasopharynx during interepidemic periods. 

The use of Group sera is now the accepted method 
of subdividing meningococci, but knowledge of the 
antigenic structure of the meningococcus is still 
incomplete and irregularities are not uncommon. 
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In the 1914-18 outbreak, the majority of cases 
were, caused by types I and II, but since that time 
there has been a close relationship between Group I 
strains and major outbreaks. It is therefore not 
surprising to find that, while Group II strains have 
predorm'nated in carriers, some 90 per cent of strains 
isolated in this coimtry from cerebrospinal fluid 
during the 1940-42 outbreak belonged to Group I 
(Harries, 1942; Ministry of Health Report, 194Q. 

During this investigation there was striking 
serological difference in the strains isolated during 
the 1940-42 outbreak and those isolated from the 
infrequent cases seen during the 1946-7 winter 
(Table II), 


TABLE n 

SEROLOGY OF MENINGOCOCO rSOLATED FROM 
CEREBROSPtNAL FLUTD 



1940-2 

1946-7 

Group 1 

86 j 

I 

Group II 

3 

! 9 

Inagglufinabie 


1 

Total 

90 

11 


The close association of Group I strains with 
major outbre^ or “epidemics” suggests strongly 
that such strains are more virulent than those of 
Group II. It is, however, the general experience 
that there is little or no difference in the severity of 
the disease produced by these strains. It must be 
appreciated that normal cerebrospinal fluid is an 
excellent culture medium for most bacteria and, 
provided a sufficient number is introduced, multi- 
plication will occur irrespective of the intrinsic 
pathogenicity of the organism. 

An important difference in the two serological 
groups of meningococci is therefore the greater 
facility with which Group I strains are able to pass 
from the nasopharynx to the cerebrospinal fluid. 
The factors concerned with the virulence of the 
meningococcus are obscure, but they appear to be 
associated with the surface, probably the capsule, 
of the organism. The production of toxic sub- 
stances by the meningococcus has been demon- 
strated by various workers (Branham, 1940); 
knowledge of these is, however, vague, and it has 
not been proved that they play any part in the 
passage of the organism to the subaraclinoid space. 

The low incidence of meningitis in spite of the 
wide distribution of the meningococcus indicates 
clearly that the passage from the nasopharynx to 


the meninges’ is not readily accomplished. An 
important reason for this is the barrier to invasion 
presented by the nasopharynx; the responsible 
factors consequently merit close consideration. 

Resistance of the host — ^During the 1939-45 
war conditions favoured the wade dissemination of 
the meningococcus, particularly in the -Sers'ices, as 
overcrowding was common and ventilation of 
rooms often inadequate as a result of stringent 
black-out precautions. Although there was a 
greatly increased incidence of meningitis dxuing the 
main outbreak of 1940-42, the majority of cases 
were single and widely distributed, having no direct 
contact with each other. Most individuals would, 
therefore, appear to possess a high degree of 
resistance against the meningococcus, and the 
factors concerned in this have been the subject of 
much speculation. 

Many advocate the theory that infection with the 
meningococcus occurs in three progressive stages: 

(1) catarrhal, (2) septicaemic, and (3) meningitic ; 
the common form of the infection is a nasopharyn- 
gitis, and only in relatively few cases does the 
orgam’sm penetrate the pharyngeal barrier to reach 
the blood stream, from which the meninges are 
attacked. The nature of this pharyngeal barrier 
has, how’ever, never been satisfaaorily explained. 

The so-called catarrhal stage is obviously the one 
of greatest epidemiological' significance in view of 
the potential danger to the community. It is 
consequently important that the criteria on which 
this ^eory is postulated should be critically 
examined. 

The main argiunents put forward to support this 
theory are: (1) the isolation of the homologous 
meningococcus from both the nasopharynx and 
cerebrospinal fluid of early cases (Flack, 1917), 

(2) the history of premeningitic sore-throat or 
catarrh given by some cases, and (3) the widespread 
distribution of carriers. 

These views have not passed unchallenged, and 
the following points have been raised in opposition : 

(1) the failure of many workers to isolate regularly 
the meningococcus from the nasopharyTLx of early 
cases of meningitis (Andrewes and others, 1916); 
it is also interesting to note in this conne.xion that 
Fildes and Baker (1918) reported the occurrence 
of meningitis in twenty-six naval ratings although 
their nasopharyngeal swabs had been negative at 
varying periods from two to seventy-five days before 
the onset of symptoms, and concluded that cases 
can seldom be carriers before the onset of the disease ; 

(2) a history' of sore-throat or catarrh is frequently 
unobtainable from cases or carriers (Foster and 
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GaskeJ], 1916; Worster-Drought ahd Kennedy, 
1919 ); (3) cerebrospinal meningitis occurs mainly 
during the early months of the year when upper 
respiratory infections are common, and their 
association with meningitis is likely to be coinci- 
dental (it has even been suggested that this non- 
specific catarrh might constitute a predisposing 
factor to the development of meningitis) ; (4) case- 
to-case infection is extremely rare; the source of 
infection is almost invariably an imdetected carrier; 
(5) in the majority of instances the carrier state is 
temporary. 

As a reply to these arguments protagonists of the 
catarrhal theory claim that the local meningococcal 
infection is generally mild and transient, giving rise 
to little or no personal discomfort, but clinical and 
bacteriological confirmation is seldom produced. 

There is general agreement that in every case of 
meningitis the portal of entry of the meningocoecus 
is the nasopharynx. There is, however, a lack of 
convincing evidence to indicate that the production 
of a nasopharyngitis, even in a mild form, is an 
essential stage in the development of meningitis. 
It must be pointed out that the examination of 
nasopharj'ngeal swabs from early cases is rarely 
carried out, and knowledge of this important aspect 
of the subject is consei[uently limited. 

During this investigation the validity of the 
“catarrhal” theory was examined by the collection 
of swabs from the following groups of the 
community : 

]. C/ose contacts . — The,<;e were soldiers sleeping in 
beds adjoining the case, or all occupants in 
cases arising in tents or billets. All had had 
ample opportunity of receiving the upper 
respiratory flora from the cases as overcrowding 
was often present and ventilation, particularly 
at night, usually poor ; the swabs were collected 
within a short time, often a few hours, of the 
removal of the case. 

2. Genera! coifinninity . — Swabs were collected from 

persons having no direct contact with cases in 
order to obtain some indication of the general 
carrier rate. ' These have been sub-divided into 
two groups — one containing swabs collected at 
the time of the main outbreak (1940-42) and 
the other comprising those taken during an 
“intercpidemic” period (1946-47). 

3. Cases of meningitis . — Swabs W'ere collected from 

22 cases, in 16 of these within 48 hours of onset. 
Group I strains were isolated from the cerebro- 
spinal fluid of 13 cases but no growth was 
obtained from the other 9, 3 of which were of 
the mild, abortive type. The nasopharyngeal 
swab from one of these mild cases gave a heary 
growth of a Group II strain. 

4. Cases of chronic meningococcal septicaemia . — Two 

only were investigated. 


The results obtained from these swabs are pre- 
sented collectively in Table III 

TABLE ni 

THE ISOLATION OF THE MENINGOCOCCUS FROM NASO- 
PHARYNGEAL SWABS 


Group 

Num- 

ber 

exam- 

ined 

Number 

positive 

Group I 

Group II 

Close contacts 
(1940-41) 

145 

21 (14%) 

6(4%) 

15 (10%) 

General com- 
munity 

(epidemic period 
1940-42) 

410 

j 

75 (18%) 

11 (3%) 

64 (15%) 

General com- 
munity 

(non-cpidcmic 
period 1946-47) 

120 

i 

8(7%) 

1 

1; (1%) 

7(6%) 

Cases of menin- 
gitis . . 

22 

6(27%) 

4(18%) 

2(9%) 

Cases of chronic 
septicaemia . . 

2 

1 

0 

1* 


. ‘A few colonics of n Group 11 meningococcus were isolfitcd from 
the nasophnryngcal swnb some 21 dny.'s nflcr the onset of symptoms ; 
a Group I str.tin was isolated by blood-culture. 


These results provide little bacteriological evidence 
to support the “catarrhal” theory. Meningococci 
were isolated from the nasopharynx of only 6 of 
22 cases and in the majority of these the organisms 
were not numerous; the 1940-42 outbreak was 
caused almost entirely by Group 1 strains, but 
during this period the majority of carriers harboured 
Group II strains ; there was no significant difference 
in the carrier rates of Group I strains given by the 
close contacts (4 per cent) and the general com- 
munity (3 per cent), in both the rates were low; 
few of the cases or carriers gave a definite history of 
sore throat or catarrh. 

The meningococcus is transmitted by droplet 
infection, and therefore in all persons developing 
meningitis these organisms must have been present 
in the nasopharynx during the initial stages of the 
infection. Their subsequent isolation from this site 
is dependent not only on the interval between 
-implantation of the organisms and the collection of 
the swab but also on the nature of the local reaction. 
If a local infection develops it is reasonable to 
expect (1) the isolation of meningococci from the 
nasopharyngeal swabs in many early cases — not 
infrequently in practically pure culture, and (2) a 
relatively high carrier rate of the infecting type of 
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organism among close contacts, as an interchange 
of the upper respiratory flora takes place readily 
among occupants of overcrowded and badly 
ventilated rooms. Such results have rarely been 
obtained. 

It is recogm'zed that a small number of carriers 
are" of the “persistent” type and that the persistence 
of the carrier state is associated with some pharyn- 
geal abnormality (Cleminson, 1918; Embleton and 
Steven, 1919). During this investigation persistent 
carriers were found to have some abnormality, such 
as enlarged adenoids, and the majority harboured 
Group II strains often in relatively pure culture. 
These organisms were usually associated wth a 
chronic form of local infection, but they were of 
little epidemiological significance as the main out- 
break was caused by Group I strains; they were 
readily cleared by a course of sulphonamides 
(Fairbrother, 1940). 

The failure to detect the homologous meningo- 
coccus in swabs from the two chronic septicaemia 
cases is not surprising. Logan (1946), in an excellent 
review of meningococcal septicaemia, points out 
that the pathogenesis of the disease is uncertain; 
there is no bacteriological proof that the portal of 
entry of the organisms is the same in meningococ- 
caemia as in meningitis, although this is probable, 
while a persistent focus of infection has seldom 
been found. In the two cases under review, the 
swabs were collected when the disease was well 
established and the negative results indicate only 
that the focus of the existing infection was not the 
nasopharjTix. 

Pathogenesis 

The path of the meningococcus from the naso- 
pharynx to the cerebrospinal fluid has not been 
conclusively determined, and in consequence it has 
been the subject of much speculation. Two main 
views have been formulated; the first accepts the 
direct extension of the meningococcus from the 
pharynx to the meninges, the second postulates 
that the organisms are transmitted by way of the 
blood stream. 

The theory of direct extension was advocated 
during the 1914-18 outbreak but convincing proof 
was not produced. There has consequently been 
increasing support for the “haematogenous” theory, 
which is now generally accepted (Brinton, 1941;^ 
War Office Memorandum, 1942; Strong, 1943;' 
Banks, 1947). It must, however, be appreciated 
that the available evidence to support this view is 
inconclusive and merits examination. 

The main arguments advanced in favour of the 
“haematogenous” route are; (1) the development 


of a so-called premeningitic stage with involvement 
of the blood stream; (2) the rare isolation of the 
orgam'sm by blood-culture during the premeningitic 
phase while the cerebrospinal fluid was normal; 
(3) the isolation of the meningococcus by blood 
culture from early cases of meningitis; and (4) the 
occurrence of a septicaemic form of meningococcal 
infection in which there is no involvement of the 
meninges — these infections may occasionally be of a 
fulminating character. 

It has already been pointed out that a satisfactory 
explanation has not been produced to indicate how 
the meningococcus enters the blood stream from the 
nasopharynx. Considerable doubt has, moreover, 
been cast on the “catarrhal” theory and there is 
little evidence to indicate that there is a persistent 
focus of infection in the nasopharynx from which 
the organisms pass into the blood. Also a satis- 
factory explanation of the method or route by 
which the meningococcus passes from the blood to 
the mem'nges has not been forthcoming. In this 
respect, it is interesting to- note that there is a 
defcite blood-central nervous sj'stem barrier;- the 
passage of substances through the choroid plexus 
or other vessels into the cerebrospinal fluid is not 
automatic but is controlled by some form of selective 
mechanism. It is well known that peru'dllin injected 
into the blood does not readily reach the theca; 
while experimental infection with the poUomyelitis 
virus is extremely difficult to produce by the intra- 
venous route, although it occurs readily by the 
intrathecal or intraneural route. 

There is no evidence to suggest that the menin- 
gococcus has any special affinity for the choroid 
plexus or other part of the theca. It is indeed 
accepted that in most cases of meningococcal 
septicaemia the development of meningitis does not 
occur even though, in pre-sulphonamide daj's, the 
blood infection often persisted for months. 

Moreover, a positive blood culture in the early 
and acute stages of a severe infection cannot be 
accepted as evidence of primary' blood invasion. 
In such infections as pneumonia and enteric fever 
a positive blood culture is frequently present in the 
early stages as a secondary phenomenon, being an 
overflow of the organisms from the primary focus 
of the infection. It is, therefore, reasonable to 
claim that the positive blood culture, obtained in 
many cases of meningococcal meningitis has been a 
secondary development. 

A more serious argument is the rare occurrence 
of a positive blood culture before the development 
of meningitis; it must, however, be noted that in 
several of these cases the primary focus of infection 
was not established, the presence of a rhinopharyn- 
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gitis being assumed, and/or the presence of menin- 
gitis was not excluded by lumbar puncture. 

The occurrence of a definite premeningitic clinical 
stage can also be challenged. Cases of moderate 
severity tend to give a twenty-four-hour history of 
general malaise, weakness, headache of varying but 
usually progressive intensity, and slight neck rigidity. 
On lumbar puncture a turbid fluid is almost invari- 
ably obtained from these cases; this is proof that 
the invasion of the meninges occurred many hours 
previously. In fulminating meningitic cases, a 
turbid fluid is obtained by lumbar puncture even 
though the history of the infection is short, usually a 
matter of hours ; the possibility of such infections 
developing in progressive stages (viz., catarrhal and 
septicaemic) is remote. 

There is no specific sign or symptom to indicate 
involvement of the meninges; the initial symptoms 
of moderate meningeal infections are often those of 
an indefinite character, and such cases are not 
infrequently diagnosed tentatively as influenza. The 
presence of meningitis can be established only by 
an examination of the cerebrospinal fluid. The 
development of a premeningitic phase of the infec- 
tion cannot therefore be accepted on clinical 
grounds alone. 

In order to test the “haematogenous” theory, 
blood cultures werejprepared as early as possible in 
the infection from a lumber of cases, usually at 
the time of collection of the cerebrospinal fluid 
and nasopharyngeal swabs. The results are given 
in Table IV. 

TABLE rv 

ISOLATION OF THE MENINGOCOCCUS FROM THE BLOOD 

AND CEREBROSPINAL FLUID IN CASES OF MENINGITIS 


Time of 
collection 

No, 

examined 

1 

No. 

positive 

C.S.F. 
positive in 

Within 24 hours of 
onset 

12 

1 

12 

24-48 hours of on- 
set 

• 

8 

1 

6 

Later than 48 hours 
of onset . , . . 

1 

1 

5 ; 

1 

3 • 

Total 

25 

3 

21 


The meningococcus was isolated from the blood 
stream in only 3 out of 25 cases (12 per cent). In 
20 of the 25 cases the blood was collected within 
forty-eight homs of the onset of the disease; in 
all cases a well-established meningitis was present 
and meningococci were isolated from the cerebro- 
spinal fluid of 21 of the 25. 


These results are not consistent with the develop- 
ment of a premeningeal septicaemic stage, but 
indicate merely the secondary invasion of the blood 
stream from the primary infection of the meninges. 
A positive blood culture, obtained when meningitis 
is present and the cerebrospinal fluid contains large 
numbers of meningococci, cannot be accepted as 
evidence of either the passive transfer by the blood 
stream of the organisms to the subarachnoid space 
from an indefinite focus of infection in the naso- 
pharynx or the presence of a distinct premeningeal 
phase. 

It is interesting to note tliat the majority of 
positive blood-cultures from cases of cerebrospinal 
meningitis, as distinct from chronic septicaemia, 
reported in the literature have been obtained when 
the meningitis was well established. 

Discussion 

The results of this investigation do not provide 
evidence, clinical or bacteriological, to support the 
widely accepted theory that the meningococcus 
produces a primary pharyngeal catarrh, from which, 
in relatively few cases, it passes to the meninges by 
way of the blood stream. 

This is not surprising, as evidence advanced to 
support this theory is far from conclusive. To 
account for the failure of many cases to provide a 
history of sore-throat or catarrh, it was suggested 
that the local pharyngeal infection was often 
transient and trivial, but bacteriological or clinical 
proof of this infection was seldom obtained. 
Moreover there has been no satisfactory explanation 
of the method by which the organisms enter the 
blood stream from such a trivial primary lesion or 
by which they subsequently pass from the blood 
stream to the meninges. 

In view of the fundamental weaknesses of the 
haematogenous theory it is essential that an alternate 
method of spread, namely by direct extension, 
should be carefully .examined. This theory received 
much support during the 1914-18 outbreak, when 
the following routes were suggested: (1) by the 
perineural lymphatics of the olfactory nerves 
through the cribriform plate of the ethmoid; (2) 
through the sphenoidal sinuses ; (3) via the middle 
ear. Convincing evidence to support any of these 
routes was not produced, and this theory conse- 
quently became neglected. 

In 1929, however, Clark produced conclusive 
proof that material could pass directly to the brain 
from the nasal passages. Investigating the develop- 
ment of nervous complications following vaccina- 
tion, Clark showed that a solution of potassium 
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ferroQ'anide and iron ammonium citrate reached 
the subarachnoid spaces of the brain of rabbits 
within one hour of being dropped into their nasal 
cavities. The route of spread was not by the 
lymphatics but by the perineural sheaths of the 
olfactory nerves, which provide continuitj’ betn'een 
the subarachnoid space and the olfactory sensory 
epithelium; in these spaces a centripetal flow’ was 
postulated. It was also found that some of the 
solution entered the blood capillaries. On treatment 
of the tissues, the deposit of Prussian blue in the 
nasal mucosa was found to be considerably more 
abundant in the olfactory’ area, which is innerv’ated 
by the olfactory nerves, than in the “respiratoo'"’ 
portion which is not reached by the olfactory 
nerves. Clark considered that a similar seqfuence of 
events, apart from variations in degree of absorption 
from the mucosa, was probable in man, and suggested 
that these findings had an important bearing on the 
passage of infective material from the nasal cavities 
to the brain. 

It is also interesting to note that,' during experi- 
mental work on poliomyelitis, Faber (1933) demon- 
strated that the hairs of the olfactory nerves lie free 
in the olfactory portion of the nasal mucosa and 
are covered only by mucus. In spite of this it is 
important to note that intranasal application of the 
poliomyelitis virus into the nares of monkeys does 
not invariably lead to the development of experi- 
mental infection even though the monkey is a 
relatively susceptible animal (Fairbrother and 
Hiust, 1930). The poliomyelitis virus passes to the 
central nervous sytem along the axons of the 
olfactory nerve. This is a difierent route from that 
described above, but the area of nasal mucosa at 
which the neural tract is entered is probably the 
same in both cases. 

There is thus reliable evidence of defim'te but 
complex communications behveen the nasal cavities 
and the central nervous system; these are situated 
in the olfactory portion of the nasal mucosa and 
occupy a relatively small area on the septal and 
lateral walls of the superior nasal meatus. Passage 
of infective material along the olfactoiy tract is 
not, however, readily accomplished. 

Applying these observations to the pathogenesis 
of meningococcal meningitis, the following hypothe- 
sis is postulated. 

The meningococcus is widely disseminated by 
droplet infection and gains entrance to the upper 
respiratory tract by the nostrils and mouth. 'ITie 
subsequent sequence of events is dependent on 
many factors, particularly important being the 
virulence and the number of the organisms, their 


implantation on the olfactory’ portion of the nasal 
mucosa, and the subsequent overpowering of the 
local defence mecham'sm. 

In the majority’ of individuals these requirements 
are not fulfilled; the meningococcus becomes a 
transient member of the pharyngeal flora, probably 
as a commensal, and the individual becomes a 
temporary carrier. Under circmnstances particu- 
larly’ favourable to the meningococcus, the local 
defence barrier is overcome and the organisms may, 
by direct extension, reach either the theca or 
possibly’ the blood capillaries; in the latter event 
the septicaemic type of infection might result. 

Many’ factors are concerned w’ith the tendency 
for outbreaks to appear under war-time conditions. 
During the war 1939-45 opportunities for the 
dissemination of the meningococcus were greatly 
increased as a result of overcrowding and poor 
ventilation, which tended to be accentuated by 
black-out precautions, while in certain groups, such 
as new’ recruits, general resistance W’as probably’ 
lowered by fatigue and exposure, especially during 
the w’inter. It is also interesting to note that 
Group I strains W'ere responsible for the main 
outbreak and there is much indirect evidence to 
indicate that these strains are more virulent than 
Group II. " 

A possible explanation for occurrence of sporadic 
Group II infections, found mainly in infants and 
children, during inter-epidemic periods is the close 
contact of infants w’ith adults, in particular mothers 
and nurses, and the consequent greater risk of 
frequent and large dosage w’ith these strains. 
Adults may possess some form of specific resistance 
to the meningococcus, but there is no convincing 
evidence that the development of specific immunity 
plays a major role in the defence against menin- 
gococcal infections. It is, however, possible that 
the local defence mechanism is less efficient in infants 
than in adults, and is more readily overpowered 
by the relatively avirulent Group II strains. 

Summary 

The results of this investigation do not support 
the theory that meningococcal infections occur in 
three successive stages — catarrhal, septicaenu'e, and 
meningitic. Support is given to the theory’ of direct 
spread of infection from the nasopharynx to the 
theca by the pterineural sheaths of the olfactory’ 
nerves. 

1 am indebted to many colleagues, in particular 
Dr. D. C. Liddle, for assistance in the collection of 
material for this invesu'gation, and wish to o!Tcr mv 
sincere thanks for their help. 
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RETICULOCYTES AND THEIR HUMORAL REGULATION 

BY 

ERIK JACOBSEN 

From the Biological Laboratories of Medicinalco Ltd., Copenhagen 
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The reticulocytes are generally accepted to be 
young red blood cells. Whenever red cell formation 
in the bone marrow is active the proportion of 
reticulocytes in the blood increases; hence the 
importance of the reticulocyte count in haematology. 
Nevertheless, there have been few studies dealing 
with purely physiological and chemical aspects. A 
study of the ripening of reticulocytes into mature 
non-reticulated red cells has, however, been carried 
out in our laboratory during the last five or six 
years. The present article reviews the results 
obtained. 

Experimental Procedure 
Rabbits were used as experimental animals. In order 
to obtain reasonable accuracy in-'counting their reti- 
culocytes, the animals were brought into a chronic 
anaemic state by the daily withdrawal of from 30 to 
50 ml. ofblood. At the end of one week the haemoglobin 
percentage thus fell to 40 or 50 and the red 
cell count to 2 or 3 million per c.mm. of 
blood, with 20 or 30 per cent reticulocytes. 

This state could be maintained for a 
month or more before the animals died. 

The blood of such animals was used in the 
tests (Plum, 1942a). 

Blood was centrifuged and the red cells 
washed in saline. They were, then re- 
suspended in saline, or in plasma or saline 
to which had been added the substance 
whose action on the reticulocytes was to be 
studied. The suspensions were kept in 
small test-tubes in a water bath at 40’ C. 
and gently and constantly moved. Samples 
for reticulocyte counts were taken at 
regular intervals. 

Reticulocytes suspended in saline alone 
disappeared slowly, but the rate of dis- 
appearance could be accelerated consider- 
ably by adding commercial liver extract to 
the saline in which the cells were suspended 
(Fig. 1). The youngest and most unripe 
types of reticulocytes disappeared first, 
and as there was apparently no haemolysis 
this must have been due to their maturation 
into “adult" red cells. This process seemed 
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to be accelerated by some substance found in liver 
extracts. 

The ripening process followed the monomolecular 
equation well known in physical chemistry and bio- 
chemistry: ’ - 

I I , a 

where t is the time of incubation, a the number of 
reticulocytes at the beginning of the experiment, and x 
the number of reticulocytes that disappear during the 
time r ; k is the “monomolecular constant.” This for- 
mula only indicates that the same percentage of reticulo- 
cytes is ripened in the same interval of time regardless of 
the number of reticulocytes. The constant, however, 
gives a very convenient measure for the rate of ripening; 
the higher the constant, the faster the rate, and vice versa ; 
k increases with rising temperature. 

Experiments with varying concentrations of liver 
extract have shown that the constant in the ripening 
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Fig. 2 


experiments is directly proportional to the concentration 
of liver extract (Fig. 2). 

Clicinical Nature of Rcticiilocytc-ripcning 
Principle 

The reticulocyte-ripening principle in liver extract 
is thermolabile; it losds its activity after heating 
for live minutes on a boiling water bath. Thus it 
cannot be identical with the thermostable principle 
acting against pernicious anaemia. It has been 
shown, moreover, that the reticulocyte-ripening 
principle in liver consists of a thermolabile fraction 
which can be absorbed to floridine and a thermo- 
stable fraction that cannot be absorbed (Jacobsen 
and Plum, 1942). The latter fraction has little 
effect by itself, but activates the effect of the ther- 
molabile component. The thermostable fraction 
can be extracted from liver extract with butanol 
and isolated from the butanol extract. It has been 
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found to be identical with ]-tjTOsine. Synthetically 
prepared tyrosine shows exactly the same effect in 
combination with the thermolabile fraction. 

The effect of t)TOsine seems to be specific. None 
of the thirteen most common amino acids, including 
phenylalanine, has any activating effect on reti- 
culocyte ripening, but compounds similar to tjTO- 
sine, such as adrenaline and tyramine, have some 
effect (Jacobsen and Plum, 1942). Later investiga- 
tions have showTi that certain oxygenated products 
of tyrosine, dioxyphenylalanine and hallachrom, 
have a much stronger activating effect, that of 
hallachrom being 50 to 100 times stronger than 
that of tyrosine (Gad and others, 1944). As there 
are enzymes present in red cells capable of con- 
verting tyrosine into hallachrom it is possible that 
the activating effect is not due to t>TOsine, but to 
hallachrom derived from it. 

The thermolabile reticulocyte-ripening fraction 
has not been isolated from liver. Systematic 
investigations on various organs have shown, 
however, that stomach tissue (Plum, 1944a), 
duodenum, and the upper part of the small intestine 
contain considerable amounts of the thermolabile 
fraction (Bohn, 1946). Extracts from these tissues 
have little ripening activity by themselves, but 
marked ripening effects, even greater than that of 
liver extracts, have been found after the addition 
of tyrosine, dioxyphenylalanine, or hallachrom. 
The ripening fraction in gastric tissue is extremely 
labile; however, a rather powerful preparation 

' 1 1 without tyroj/oe 


containing 75 to 80 per cent xanthine has been 
isolated from it (Jacobsen, 1944). Synthetically 
prepared xanthine in combination with ^xosine 
has a marked effect, but it does not seem likely that 
the effect of the gastric extract can be explained by 
its content of xanthine. Probably a tautomeric 
isomer is responsible. Some chemical analogues of 
xanthine have been tested. Guanine and caffeine 
amongst others are ineffective. Recently both 
leucopterin and folic acid have been shown to be 
more potent than xanthine, although with qualita- 
tive differences. Xanthine is only eflfective in the 
presence of tyrosine and is thermolabile. Leucop- 
terin and folic acid have, however, an effect even 
without tyrosine, but are activated 100 per cent or 
more after its addition. The potency of neither 
of these compounds is affected by boiling. 

The chemical problem has not been solved. 
Several experiments indicate that the thermolabile 
fraction consists of more than one substance. The 
fact that substances which have recently been shown 
to have an effect on haemopoiesis in vivo may 
accelerate ripening of reticulocytes in vitro is, 
nevertheless, of great interest. 

COirrENT OF RETICUI-OCYrE-RIPENING FACTORS IN 
Organs and Plasma 

As has already been stated, reticulocyte-ripening 
principles may be found in extracts from several 
organs of the body. Calculated per gramme of 
tissue, the greatest concentration is found in plasma, 
and slightly less in bone 
marrow, liver, stomach, and 
spleen (Plum, 1944a). Ex- 
tracts of all these organs, but 
not plasma, may be activated 
by the addition of tyxosine 
(Fig. 3), The stomach and 
the upper intestinal tract 
contain the highest concen- 
tration of the thermolabile 
fraction. Large amounts are 
found in the duodenum and 
in the upper part of jejunum, 
apparently following the 
distribution of Brunner’s 
glands. The results of 
chemical investigations on 
stomach extracts have already 
been mentioned. In Fig. 3 
is shown the distribution in 
swine ; similar relative dis- 
tributions are found in the 
organs of oxen, rats, rabbits, 
and guinea-pigs. 
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Fiq. 4 

the reticulocyte-ripening principle found in plasma 


Unlike liver extracts the 
reticulocyte-ripening prin- 
ciple in plasma cannot be 
activated by tyrosine, and 
plasma is not able to 
activate the thermolabile 
fraction further as it ought 
to if it contained tyrosine 
or tyrosine-likesubstances. 

However, when plasma is 
treated with acetone, the 
ripening principle is trans- 
formed into a state in 
which it can be activated 
by tyrosine. This shows 
that there is no great 
difference between the 
ripening principles in 
plasma and liver; the 
linkage between thermo- 
labile and thermostable 
fractions in plasma must 
be a strong one. 

Role of the Reticulo-Endothelial System 

Experiments with rabbits have shown that the 
action of the thermostable component is influenced 
by the activity of the reticulo-endothelial system. 
The content of ripening substances in plasma has 
been determined wth and without the addition of 
tyrosine. After a control period 
the reticulo-endotliclial system was 
blocked by intrarenous injection 
of 10 ml. 1 per cent trypan blue 
combined with splenectomy. The 
activity of the reticulo-endothelial 
system, as tested for by the dis- 
appearance of Congo red, rapidly 
drops to zero and recovers slowly, 
becoming normal again by the 
sixteenth to eighteenth day. Fig. 4 
demonstrates that the amount of 
ripening principle in plasma closely 
follows the activity of the reticulo- 
endothelial system; after addition 
of tyrosine, however, there is no 
difference from the normal. Blocking 
has thus no influence upon the 
thermolabile component. 

These findings make it seem 
probable that tyrosine (or a derivative 
of, or an oxygenated product of, 
tyrosine) and the thermolabile sub- 
stance arc linked in the reticulo- 
endothelial system and together form 


(Jacobsen and Plum, 1943a). 

Content of Reticulocytc-ripening Principles in the 
Plasma of Various Animals and Man 

As the content of the ripening factors in organs 
varies with that in plasma, most of the investigations 
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have been carried out on the plasma of various 
animals. The amount of reticulocyte-ripening 
factor in plasma varies in different animals (Plum 
1942b, 1943). Reptiles and birds have practically 
none. In mammals there is considerable variation 
(Fig. 5). The plasma of animals whose blood 
normally contains few or no reticulocytes (for 
example, oxen) seems to contain the highest content 
of ripening substances, whilst that of species whose 
blood normally has a relatively high percentage of 
reticulocj'tes (e.g., guinea-pigs) has the lowest 
content, in the case of guinea-pigs half that of oxen. 

The content of ripening substances in the plasma 
of normal adults also seems to vaiy inversely with 
the reticulocyte count. In certain physiological 
and pathological states, hotvever, this relationship 
may not hold (Table II). 


TABLE n 



Reticulocytes 

Ripening 

substances 

Early life 

■f-b-i- 

1 : 

-r-f- -r 

Anaemia due to loss of ery- 

-b-r 1 


throcytcs 


-f. 

Iron deficiency 

+ i 

-i. 

Benzol poisoning . . 



Gastrectomy or duodenec- 

1 

1 


• tomy 

(-b) 

— 

Pernicious anaemia 

7 

— 

Hypothyroidism 



Hyperthyroidism . . 

0 

. — 

Hypophysectomy . . 


— 

Menstruation 

(-b) 

{+) 

Jaundice, obstructive and 



haemolytic . . 

(-b) 

(-b) 


In foetal life and in infancy until the blood 
picture becomes normal, the increased numbers of 
reticulocytes are associated with a considerably 
increased amount of ripening principles. In new- 
born rats or rabbits %\ith 80 or 100 per cent of their 
red cells in the form of reticulooies, about double 
the normal concentration of ripening substances 
may be found. Both reticulocyte percentage and 
content of ripening substances decrease gradually 
and reach normal values at the same age (Plum, 
1943). A probable explanation of the occurrence 
of high reticulocyte percentages and high concen- 
trations of ripening substances, for which there is 
experimental support, is that the immature blood 
corpuscles in the early ages react more slowly to 
humoral stimulation (Jacobsen and Plum, 1943b). 


The reticulocytosis associated with increased 
blood formation, as seen in chronic post-haemor- 
rhagic anaemia in rabbits, is always combined with 
an increase in ripening substances (Plum, 1943), In 
this case the response of the reticulocytes to a 
concentration of ripening substances does not 
change, but the quantity of ripening substances in 
the plasma increases. This increase may cause the 
reticulocytes in the iwripheral blood stream of 
anaemic rabbits to ripen about 20 or 30 per cent 
more rapidly than in normal animals. The same 
phenomenon is seen when anaemia is caused by 
some haemolytic poison such as phenylhydrazine 
(Plum, 1944b). 

Similarly, in iron-deficiencj' anaemia of dietary' 
origin reticulocytosis is accompanied by an increased 
concentration of reticulocj'te-ripening substances 
(Plum, 1944b). On treatment with iron, both 
anaemia and reticulocytosis disappear and the 
content of reticulocyte-ripening substances in the 
plasma returns to normal. Anaemia and leucopenia 
result from the effects of benzol poisoning on the 
bone marrow. The reticulocyte count may fall or 
rise slightly, but the content of reticulocyte-ripening 
substances in the plasma is always increased. 
Diming regeneration with increases in leucocytes 
and reticulocytes the content of ripening substances 
returns to normal. These experiments suggest that 
the rise in reticulocyte-ripening substances may be 
interpreted as one of the measures by which the 
body attempts to compensate for anaemia. 

Occasionally an increased number of reticulocytes 
is associated with reduced amounts of reticulocyte- 
ripening principles in the plasma, as in rats after 
gastrectomy (unpublished observations) and in swine 
in which the duodenum had been either isolated or 
excised causing a 20 per cent decrease in activity 
(Bohn and others, 1945). 

In untreated pernicious anaemia a decrease up to 
40 per cent has been observed. The addition of 
tyrosine has in all cases raised the concentration of 
ripening substances up to the normal level. This 
decrease is thus not due to a decreased concentration 
of the thermolabile component, as irught have been 
expected from the known high concentration of the 
thermolabile fraction in the gastric tissue of the 
normal subject and the characteristic gastric atrophy- 
in jTemirious anaemia. 

Both in spontaneous hypo- and hyperthyroidism 
in man and in the experimental animal there is a 
decreased content of ripening substances in the 
plasma, which may be corrected by the addition of 
tyrosine. The decrease after hypophysectomy may- 
result from decrease in the function of the thvroid 
gland. 
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During menstruation a slight increase has been 
observed starting on the first day. 

Obstructive jaundice in patients and in animals 
may be associated with a slight increase in ripening 
substances. 

Conclusion 

Assay of the concentration of reticulocyte-ripening 
substances in the plasma is of more scientific than 
practical interest. It has no diagnostic value. The 
plasma of from one hundred to one hundred and 
fifty patients with various diseases and that of about 
fifty normal persons have been tested. A definite 
decrease in the content of ripening substances in the 
plasma has been foimd in untreated pernicious 
anaemia, in Graves’s disease, in some patients with 
gastric diseases, and in cachectic patients sulfering 
from cancer (Plum, R., 1947). In all cases this 
decrease has been due to lack of the thermostable 
fraction and could be rectified by the addition of 
tyrosine. In some patients with jaundice the content 
of the ripening substances has been increased. In 
all other diseases normal levels have been found. 

Even a slight reticulocytosis has been generally 
considered a sign of increased erythropoiesis. The 
work now described indicates that this may not 
always be the case. The reticulocyte percentage in 
peripheral blood depends upon the output of reti- 
culocytes from the bone marrow, controlled by 
factors still tmknovm. and the rate of ripening in 
the blood stream, the latter regulated by the ripening 
principles. Thus with a constant production the 
numbers of reticulocytes in the circulating blood can 
increase if the concentration of ripening substances 
in plasma decreases, and vice versa. Slight reti- 
culocytosis cannot, therefore, be regarded as a sign 
of increased or altered blood production unless it is 
certain that the concentration of ripening substances 
has not altered. 

It is difficult to make any definite statement with 
regard to the physiological role of the ripening 
substances, particularly as it is doubtful what 
reticulocytes really are. It is thought that under 
normal conditions not all the red cells released from 
the bone marrow are in the form of reticulocytes. 
As the capacity of the reticulocytes to transport 
o.xygen is as good as that of adult cells, it is doubtful 
whether their maturation into adult corpuscles is of 


any great physiological significance. The as yet 
unpublished observations of my collaborator, Dr. 
C. M. Plum, who has done a major part of the work 
described in this paper, seem to show that a similar 
mechanism may operate in the formation of red 
cells from normoblasts. If this is true, the ripening 
of reticulocytes can be regarded as a special case or 
model of the course of erythropoiesis as a whole. 
The demonstration of a humoral regulation of 
blood-cell formation may be expected to throw new 
light on many of the hitherto unsolved problems in 
erythropoiesis. 

Summary 

A principle capable of accelerating the ripening of 
reticulocytes in vitro can be demonstrated in plasma 
and in various tissues of the body. 

This principle consists of at least two fractions : 
a thermostable one, identified as tyrosine or tyrosine 
derivatives, and a thermoldbile one. Xanthine, 
leucopterin, and folic acid are able to act as the 
thermolabile factor. The greatest concentration of 
the thermolabile fraction is found in the stomach 
and duodenum. The thermolabile and thermostable 
fractions linked togetlier by the activity of the 
reticulo-endothelial system form the principle found 
in plasma. 

An increased amoimt of ripening principle may 
be found in the plasma in some cases of increased 
erythropoiesis; in decreased erytlwopoiesis a lower 
content than normal may be encountered. It seems 
as if the number of reticulocytes in the blood varies 
inversely with the amount of ripening principle,- at 
least under normal conditions. 

The significance of these findings is discussed. 
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THE DISTRIBUTION OF LEUCOCYTES ON 
THE COUNTING CHAMBER 

BY 

MARTIN HYNES 

From the Department of Medicine, University of Cambridge 
(received for pubucation, July, 1947) 


It is almost a statistical truism that the number 
of cells on each square of a haemocytometer is 
distributed in a Poisson series, but in fact it is easy 
to show that the distribution departs considerably 
from the theoretical expectation. The reason, 
perhaps, is that the experimental work confirming 
this theory was done on the old well type of 
haemocytometer, whereas the Biirker counting 
chamber is now universally used, and adds new and 
less predictable variations-to random sampling. 

My attention was drawn to this point by a 
statistically controlled series of leucocyte counts on 
Barker counting chambers with the Neubauer 
ruling. I counted, as is usual, the number of cells 
on four areas of one square millimetre at the comers 
of a square with a side of three millimetres, and 
recorded the four sub-totals separately. Over the 
whole series, the two squares nearest to the filling 
point of the chamber gave nearly identical totals 
3.5 per cent below the mean value for all four 
squares, and the two further squares similarly gave 
nearly identical totals 3.5 per cent above the mean 
value. The difference was statistically highly 
significant. It seemed worth while to test the 
extent of this deviation from the theoretical Poisson 
distribution, and to see whether it might be a source 
of error in blood counts. 

Methods 

The Biirker counting chambers used were by several 
different manufacturers, but all had some rariety of 
Neubauer ruling. The cover-slips were from 0.4 to 
0.5 mm. thick, and their position on the chambers was 
fixed by reference to permanent marks. 

Blood from a finger-prick was diluted 1/10 in a 
leucocyte pipette Mth 2 per cent aqueous acetic acid 


coloured with 50 mg. of crystal violet per 100 ml. The 
contents of the pipette were mixed by vigorous shaking 
for two and a half minutes, half the contents were 
rejected, and the counting chamber was filled with care 
to avoid bubbles and over-filling. The chamber stood 
on a perfectly flat surface until the leucocytes had settled. 

Areas of 0.1 sq. mm. on the counting chamber were 
defined by means of an eye-piece graticule and a i-inch 
objective, and the mechanical-stage vernier was used to 
set the fields of observation in rows 1 mm. apart across 
the length of the chamber. In each row the cells were 
counted in nine fields with their centres 0.5 mm. apart. 
In this way the whole filled area of the counting chamber 
was covered by a grid of observations with its boundaries 
1 mm. from the edges of the cover-slip and the troughs. 

The numbers of leucocytes Observed in the grid of 
areas was entered into a table of equidistant columns 
along the length of the chamber, and of equidistant rows 
running across the chamber. The totals for the nine 
columns over a large series of separate counts did not 
differ significantly, that is, the side-to-side variation in 
the leucocyte distribution did not differ from expectation; 
It was, therefore, possible to measure lengthwise variation 
in the leucocyte distribution simply by reference to the 
“row” totals, which were large enough to prevent the 
Poisson distribution from interfering with the analysis 
of variance. 

With each chamber and length of cover-slip the 
counts were repeated until 500 to 800 cells had been 
counted in each position along the length of the chamber. 
The “row” totals in each count formed the basis of the 
statistical analv-sis. In all, some 150,000 leucocj’tes were 
counted. 

SingIc-ccIl Counting Chambers 

A series of leucocyte counts was made on single- 
cell counting chambers fitted with cover-slips 1 6 mm. 
long in the longitudinal a.xis of the chamber. In 
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Fig. 1. — ^The leucocyte distribution on seven single-cell counting chambers. About ten counts were done 

on each chamber. 


Fig. 1 each “curve” represents the total of nine or 
ten separate counts on seven counting chambers, 
each with its own cover-slip. Considerable random 
variation is to be expected in cell counts of the order 
of 500, but in spite of this a very definite and 
constant trend in the leucocyte distribution is 
evident. The statistical analysis of these figures is 
summarized in the Table as an example of the 
methods used throughout the investigation. 

TABLE 

THE ANALYSIS OF VARI/.NCE OF THE LEUCOCYTE TOTAL 
IN FIFTEEN POSITIONS ON THE COUNTING CHAMBER IN 
SIXTY-NINE BLOOD COUNTS 



Degrees 

of 

freedom 

Sum of 
squares 

Mean 

square 

Vari- 

ance 

ratio 

Between bloods 

1 68 

226,164.87 

3,325.95 

48.0*** 

Between places 

14 

18,424.61 

1,316.04 1 

19.0*** 

Residue . . 

952 

65,893.69 

69.216 ! 


Total . . 

1,034 

310,483.17 

1 

1 

Between places 

14 

18,424.61 

1,316.04 

19.0*** 

Linear (|,) 

1 ' 

13,723.40 



Remainder 

13 

4,701.21 

361.63 

5.22*** 

Quadratic (^s) 

1 

273.23 



Remainder 

12 

4,427.98 

369.00 

5.33*** 

Cubic (CJ 

1 

2,049.92 



Remainder 

11 

2,378.06 

216.19 

3.13*** 

Quartic (fi) 

1 

1,344.89 



Remainder 

10 

1,033.17 

103.32 1 

1.49 

Quintic (?;) 

1 

423.30 i 



Remainder 

9 

] 

609.87 1 

' 

67.76 



The analysis of variance is first divided between 
“bloods” — due to the different leucocyte contents 
of the 69 specimens of blood used — and between 
“places”— representing the varying density of 


leucocyte distribution along the length of the 
counting chamber. The residual variance is a 
measure of experimental error, and is made up 
mostly of the component due to random sampling 
from a basically Poisson distribution. (The mean 
“row” total was 57.939.) 

The significance of the difference between places 
is beyond question, so we next determine whether 
the variation in leucocyte density along tlie counting 
chamber can be represented by a straight line, or 
whether a more complex curve is necessary. This 
point is tested by fitting successive orthogonal 
polynomials (Fisher and Yales, 1943). The second 
half of the analysis in the Table shows how the 
calculation of each successive term removes a part 
of the sum of squares with a degree of freedom, 
until the remaining variance is not significantly 
greater than the residual variance. An alternative 
comparison is between the mean square from each 
term of the polynomials and the corresponding 
remainder mean square. This method gives the 
following values for tlie variance ratios: 

subnormal 9.48* 13.01** 6.25*. 

All the terms except the quadratic are significant. 

The conclusion is that the variation in leucocyte 
distribution along the counting chamber cannot be 
represented by a straight line, but demands a quartic 
polynomial. This is a curve with a maximum 
towards either end of the cover-slip, as is shown in 
the subsequent figures. 

It has often been surmised that the lines of the 
ruled area disturb the cell distribution on the 
counting chamber, but no significant effect was 
demonstrated in these observations. Fig. 2 con- 
trasts the leucocyte distribution when the ruled area 
was under the centre of the cover-slip and when it 
was near to cither end. The difference between the 
three curves is no greater than would be expected 
from random variation. 
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The total length 
of counting-chamber 
under the cover-slip 
has a considerable 
effect on the shape of 
the leucocyte distri- 
bution curve (Fig. 3), 
but all the curves 
have one important 
common property — 
that the leucocyte 
density reaches its 
mean value half-way 
along the cover-slip. 
If, therefore, the 
ruled area does not 
lie exactly under the- 
centre of the cover- 
slip, the count will 
tend to be either too 
high or too low. 
The curves further 
show that the longer 
the cover-slip the less 
is the error from the 
ruled area not being 


* 
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Fig. 2. — The leucocyte distribution on single-cell counting chambers w'tfa the ruled area 
under the centre of the cover-slip (broken line) or towards either end (continuous 
lines). The curves are the best-fitting quartics ; the dots show the observed values 
relating to the continuous lines. 
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Fig, 3.— The leucocyte distribution on single-cell counting chambers vfith cover-slip 
of difierent lengths. The dots mark the obseived \-alues ; the curves are the best- 
fitUng quartics. The crosses mark the centre of the cover-slip and the mean -value 


central. If the ruled area 
h’es 1 mm. away from the 
centre of the cover-slip, 
the error introduced is 4 
per cent if the cover-slip is 
11 mm. long, 3 per cent if 
it is 16 mm. long, and 2 per 
cent if it is 26 mm. long. 

Double-cell 
Counting Chambers 

The leucocyte-distribu- 
tion on double^Il counting 
chambers (with a central 
trough and two ruled areas) 
varies in a very' similar 
fashion (Fig. 4). Again the 
rule holds that the leucocyte 
density reaches its mean 
half-way along the cover- 
sh'p. The cover-slip should 
therefore be so placed that 
its edge and the edge of 
the central trough are equi- 
distant from the centre of 
the ruled area. This is 
easily ensured by a suitable 
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EDGE OF 
COVER-SLIP 



SCALE OF MILLIMETRES 


Fig. 4, — ^The leucocyte distribution on one side of double-cell counting 
chambers. The observed values from twelve counts on each of three 
counting-chambers with two cover-slips lengths are marked ; the curves 
are the best-fittuig quartics to the whole series. The crosses mark the 
mean value and the centre of the filled area of the cell. 


Reasons for the Effect 

It is very unlikely that this 
variation in the leucocyte 
density on the counting cham- 
ber is due to bending of the 
standard cover-slips under 
capillary tension. A. bending 
of this sort should produce a 
symmetrical distortion of the 
leucocyte distribution, rather 
than the asymmetrical distor- 
tion demonstrated, and differ- 
ent cover-slips would not 
produce such very similar 
effects. 

The possibility that the 
uneven leucocyte distribution 
arose in the capillary stem of 
the pipette was also excluded. 
A 1/10 dilution of blood in 
leucocyte-counting fluid was 
made in small tubes containing 
glass beads, and after thorough 
mixing a drop of the fluid was 
transferred to a counting 
chamber with a platinpm loop. 
It is not possible by this 
technique to fill the counting 
chamber with real accuracy, 
but the leucocyte distribution 
, on the counting chamber 


mark when only one side of the counting chamber 
is in use, but if both sides are used simultaneously 
the cover-slip itself must be of the proper size. 

The ruled area should be as far as is reasonably 
practicable from the central trough (5 mm. 
is a suitable distance), for the longer 


agreed reasonably well with that obtained by the 
ordinary method (Fig. 5). 

The true explanation of the uneven leucocyte 
distribution on the counting chamber seems to be 
the drift of the leucocytes along the chamber. When 

EDGE OF 


the area under the cover-slip the less 
is the slope of the leucocyte-distri- 
bution curve. Thus if the area covered 
is 9 mm. long, a displacement of 1 
mm. of the cover-slip from “true centre” 
will lead to an error of 4.5 per cent, 
whilst if the area is 12 mm. long a 
displacement of 1 mm. will lead to an 
error of only 2 per cent. 

Much greater errors may be introduced 
if no attempt is made to position the 
cover-slip. Some counting chambers have 



the centre of the ruled area only 3 mm. 
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from the central trough ; if 1 2 mm. of the 
cell in such a chamber were filled the 
leucocyte count would be nearly 12 per 
cent too high. a- 


Fig. 5. — ^The leucocyte distribution on a counting chaniber 
filled from a leucocyte pipette (broken line) and by the “tube 
and loop” technique (continuous line). The curi'es are the 
best-fitting quartics; the dots mark the observed values 
relating to the continuous line. 
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the chamber is filled, the leucocytes, having a greater 
density than the diluting fluid, will continue to flow 
forward after the fluid has stopped. The higher 
above the surface of the counting chamber a cell is 
when filling is completed, the further along the 
chamber the cell will float before it settles. Thus 
the nearer end of the chamber will lose leucocytes 
which will concentrate towards the further end. 

This initial impetus of the leucocytes must soon 
be lost, but observation shows that any floating 
leucocyte is usually moving along the longitudinal 
axis of the counting chamber. This movement, 
which is probably engendered by convection cur- 
rents as the fluid dries, is most marked at the two 
ends of the cover-slip, and is in the direction of the 
closer edge. Thus the secondary leucocyte drift 
tends to remove leucocytes from the middle of the 
cover-slip and to deposit them towards either end, 
so that the -leucocyte-distribution curve has the two 
maxima sho\vn above. 

Floating- leucocytes very rarely show any appre- 
ciable lateral drift, so that in any narrow segment 
across the chamber the leucocyte distribution obeys 
the Poisson law. 

Discussion 

It is clear that considerable errors can be intro- 
duced into a leucocyte count if account is not taken 
of the variation in leucocyte density along the 
counting chamber. The count may be as much as 
10 per cent too low if cells are counted in an area 
between the “entrance edge” of the cover-sh'p and 
the centre of the filled area, or 1 0 per cent too high 
if cells are counted beyond the centre. The true 
leucocyte count is obtained only if cells are counted 
in areas symmetrically disposed about the centre of 
the filled area. 

The leucocyte distribution curve has a steep 
gradient in the middle third of the filled area, but 
the steepness decreases as the length of counting 
chamber filled increases. With a length of 9 mm. 
the leucocyte density per unit area changed at the 
rate of 5 per cent per mm. at the centre of the filled 
area, whereas with a length of 26 mm. the rate of 
change was only 2 per cent per mm. 

Thus the longer the area of counting chamber 
filled, the less will be the error from small inaccura- 
cies in placing the cover-slip. 

We should therefore make some new rules for 
biood-counts. With single-cell chambers the cover- 
slip should cover as much as possible of the chamber, 
and should be so placed that the ruled area lies 
exactly under its centre. With double-cell chambers, 
since both sides will normally be used together, the 
cover-slip should be of such a length that both 


ruled areas lie midway between an edge of the 
cover-sh'p and the nearer edge of the central trough. 
The ruled area should be as far as possible from the 
central trough, so long as it can still be centred 
under the cover-slip. Finally, when the cover-slip 
has been properly placed it is still necessary to 
remember the steep change in leucocyte density 
across the ruled area, and to count squares symme- 
trically disposed about the centre. 

It is probably not possible to use the leucocyte- 
distribution curves obtained above to obtain a precise 
correction factor when the ruled area is not truly 
central. The central position of the mean value 
seems to be constant, but the shape of the curves 
must be influenced by many factors such as the 
viscosity of the diluting fluid and the rate of 
evaporation. 

It seems, from a limited number of experiments, 
that the red-cell distribution on the counting chamber 
varies in a similar way to the leucocyte distribution. 
The slope of the curve is less, but the rule holds that 
the mean value is reached in the centre of the filled 
area. 

Summary 

1. The density of leucocytes per unit area on the 
counting chamber increases progressively from the 
point, of entrance of the fluid along the length of 
the chamber. 

2. The cell distribution in a narrow segment 
across the chamber obeys the Poisson law. 

3. The curv'e of the. leucocyte distribution along 
the chamber has two maxima, and statistically is 
adequately represented by a quartic polynomial. 

4. The position of the ruled area does not affect 
the shape of the leucocyte-distribution cuix'e. 

5. The mean value for the leucocyte density per 
unit area is reached at the centre of the filled area 
of the chamber. 

6. The rate of change in the leucocyte density is 
less the longer the filled area of the counting chamber. 

7. The variation in the leucocyte distribution is 
not due to bending of the cover-slip, nor to any 
change in the cell distribution in the pipette before 
the chamber is filled. It appears to be due to the 
drift of the 1600001765 caused by their initial forw-ard 
impetus and subsequent convection currents. 

S. Recommendations are made to counteract 
errors due to variation in the leucocyte distribution, 

9. The distribution of red cells on the counting 
chamber follows similar laws to the distribution of 
leucocytes. 
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Several new descriptions of colorimetric methods 
for the determination of blood sugar have been 
described in recent years (for example^ Polls and 
Sortwell, 1946 ; Somogyi, 1945 ; Nelson, 1944 ; 
Haslewood and Strookman, 1939). These pro- 
cedures are all based on the use of alkaline copper 
reagents and on the production of molybdenum 
blue by the action of cuprous copper on complex 
molybdic acid solutions. With a view to finding 
the method or combination of methods which 
gives the most reliable results, particularly in tlie 
very low range of blood sugar, the following com- 
binations of reagents were compared: (a) Har- 
ding’s Schaffer-Hartm inn copper reagent with the 
Folin-Wu phosphomolybdic acid ; (h) Harding’s 
copper reagent with the Nelson arsenomolybdic 
acid ; (c) Somogyi’s copper reagent with the Folin- 
Wu phosphomolybdic acid ; and (d) Somogyi’s 
copper reagent with the Nelson arsenomolybdic 
acid. 

Much difficulty has occurred during the war 
years and subsequently in this country with 
colorimetric methods for blood sugar. Bio- 
chemists have repeatedly complained of the rapid 
fading of the blue colours. This fault has been 
more manifest because of the recent introduction 
of photo-electric instruments in which the rapid 
falling-off of the intensity of the blue colour has 
been noted by numerous workers. With Duboscq 
colorimeters the fading would not have been so 
readily noticed, since the rate of fading in standard 
and test is very similar. It has frequently been 
impossible during the last several years to obtain 
chemicals of Analytic Reagent quality, and this 
abnormal behaviour has been traced to the use of 
inferior chemical reagents. The ordinary or 
technical grade of sodium carbonate, for instance, 
contains considerable sodium bicarbonate as well 
as the sodium carbonate. The amount of this 
inferior reagent specified for the preparation of 
an alkaline copper solution contains insufficient 
sodium carbonate to produce the desired proper- 
ties in the final solution,' and an abnormal 
behaviour consequently results. 


Expcrimcntnl 

Reagents 

Harding's copper reagent. — ^Thc modified Harding- 
Schaffer-Hartmann reagent is described by Haslewood 
and Strookman (1939). This reagent is identical with 
that described by Harding and Downs (1933), except 
for the omission of the potassium iodide. Its pre- 
paration is also described by King (1947). 

Somogyi's copper reagent. — Prepared according to 
Somogyi (1945). 

Folin and JVii’s phosphomolybdic acid. — ^Prepared 
according to Folin and Wu (1920). 

Nelson’s arsenomolybdic acid. — Prepared accord- 
ing to Nelson (1944), King (1947). 

Glucose standards. — A stock solution is made by 
dissolving 0.1 g. anhydrous glucose in saturated 
benzoic acid solution and making up to 100 ml. ; 
2, 3, and 5 ml. of the stock solution are diluted to 
100 ml. with saturated benzoic acid to give working 
standards of 0.02, 0.03, and 0.05 mg. per ml.Tespec- 
tively (equivalent to 80, 120, and 200 mg. glucose per 
100 ml. of blood, according to the following method). 

Isotonic sodium sulphate-copper •sulphate solu- 
tion. — 3 g. Na.SO,, 10 H-O, and 0.6 g. CuSO^, 5 H.O 
are dissolved in water and made up to 100 ml. 

Sodium tungstate. — 10 g. per '100 ml. 

Procedure 

Preparation of blood filtrate. — 0.05 ml. of blood 
is added to 1.85 ml. of the isotonic sodium sulphate- 
copper sulphate solution in a conical centrifuge tube, 
and 0.1 ml. of sodium tungstate is added. The mix- 
ture is shaken, and the precipitated proteins and cop- 
per tungstate are spun down in the centrifuge, or 
filtered through a small paper. 

Estimation of glucose. — 1 ml. of the above filtrate 
and 1 ml. each of the glucose standard solutions are 
measured into 3 /4-in. diameter test tubes; 1 ml. of 
copper reagent is added and mixed. The test tubes 
are stoppered with cotton-wool and heated in a boil- 
ing water bath for exactly 10 minutes. They are cooled 
in running water, and 3 ml. of. Folin-Wu phospho- 
molybdic acid, or 1 ml. of Nelson’s arsenomolybdic 
acid, with water to 5 ml. (for Duboscq ; 10 ml. for 
photo-electric) arc added. The colours are allowed 
to develop for 10 minutes and are then compared. 



COLORIMETRIC DETERMINATION OF GLUCOSE 


Resnlte 

Reagents Prepared from “ Ordinary Grade " 
Chemicals 

Comparison of colorimetric methods.— 
dilutions (in addition to the above) were made of 
the stock standard glucose solution. One ml. 
samples were treated according to the above pro- 
cedure and the colours measured in a photo-electric 
absorptiometer with the Ilford spectrum red filter. 
The zero adjustment was made with water in the 
cuvette. The results (Fig. 1) showed that the com- 



Fig. I. — Photo-electric readings (E x 100) of glucose 
solutions estimated by different methods. Chemicals 
of ordinaiy quality (not analytical reagent grade) 
were used in preparing the reagents. Note the high 
“blank” colours. ’ 

binations of Harding with Folin-Wu, Harding with 
Nelson, and Somogyi with Nelson, furnish pro- 
cedures capable of giving good conformability with 
Beer’s Law ; but that the Harding-Folin-Wu mix- 
ture produced a considerably larger blank than 
the others. The Somogyi-Folin-\Vu combination 
yielded much less satisfactory figures whose pro- 
portionality fell off rapidly with increasing con- 
centrations of glucose. 

Stability of colours produced . — Standard solu- 
tions containing amounts of glucose equivalent to 
60 and 120 mg. glucose per 100 ml. and a wafer 
blank were prepared with the Harding copper and 
Folin-Wu phosphomolybdic acid. Rapid fading 
was found to occur in the final blue solutions with 
loss of proportionality (Fig. 2). It will be seen that 
a considerable amount of reduction occurred in 
the blank. This was, in fact, \isible to the naked 
eye, there being a greenish precipitate of cuprous 
oxide when the tube was removed from the water 
bath. 
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The reagents used in the above experiments had 
been prepared when no Analytical Reagent chemi- 
cals were available. It had previously been pointed 
out from this laboratory' (King, Haslewood, and 
Grant, 1936) that impure sodium carbonate cannot 
be used for the titrimetric method for glucose, and 
it is apparent now that it is equally dangerous to 
use it for the colorimetric procedures. . It was 
observed that when the Folin-Wu phospho- 
molybdic acid was prepared from wartime molyb- 
dic acid, a considerable amount of ammonia w-as 
evolved when the sodium hj'droxide was added in 
the preparation of the reagent. 

Reagents Prep.\red from Analytical 
Reagent Cheshcals 

Fresh copper reagents were now' prepared in 
which Analytical Reagent chemicals were used 
throughout. The sodium carbonate w'as Kahlbaum 
pro. anal. (Griffin and Tatlock) ; the other chemi- 
cals were from British Drug Houses. 

Fresh phosphomolybdic acid w'as prepared using 
an equivalent amount of sodium molybdate (in- 
stead of molybdic acid and sodium hydroxide). 
44.3 g. Na^MoO^^jO and 5 g. Na-WO^, 2H,0 
were dissolved in 250 ml. distilled water contain- 
ing 2.8 g. NaOH, and the solution boil?d for 30 
minutes. Water was added to approximately 
350 ml., followed by 125 ml. H^PO^ (89 per cent 
w/v ; sp. gr. 1.75) and the volume made up to 
500 ml. 


Blank colour . — ^The use of these reagents 
resulted in the elimination of the high blank 



Fig. 2. — Photo-clectric readings (E > 100) of glucose 
solutions estimated by the modified Harding copper 
reagent and the Folin and Wu phosphomolybdic 
acid reagent. Ordinary qualitv chemicals— not 
Analytical Reagent grade. Note the high “blank” 
readings and the rapid fading of the colours. 
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readings with the Harding with Folin-Wu com- 
bination (Haslewood and Strookman method). 
Blanks prepared from fresh copper reagents heated 
with water (instead of glucose solution) gave a 
deflection of approximately a division on the 
absorptiometer when the zero adjustment was made 
with distilled water. 

Stability of colour . — Water blanks and standard 
solutions containing an amount of glucose equiva- 
lent to SO mg. per 100 ml. were prepared, using 
fresh copper reagents, and the colours developed 
with either phosphomolybdic or arsenomolybdic 
acid. The colours obtained were compared in a 
Hilger Spekker absorptiometer, using an Ilford 
spectrum red 608 filter. The zero adjustment was 
made with the blank solutions. Results are shown 
in Table I. Except in the case of the Somogyi with 
Folin-Wu combination, the colours remained sub- 
stantially stable over a three-hour period. 

TABLE I 

STABILITY OF COLOUR IN AN 80 MG. GLUCOSE 
STANDARD DURING THREE HOURS 
(Figures represent photo-electric readings, E x 100) 


Time 

(mins.) 

Harding 

and 

FoIin-Wu 

Harding 

and 

Nelson 

Somogyi 

and 

Folin-Wu 

Somogyi 

and 

Nelson 

2 

22.5 

24 

23 

24.5 

10 

22.5 

25 

22.5 

25.2 

20 

22.5 

25 

21.5 

26 

30 

22.5 

25 

20.5 

26 

60 1 

22.2 

25 

19.5 

26 

180 

22 

25 

17.5 

25 


The development of colour in a similar series, 
in which the colour development was followed 
for eighteen hours and the blank colours were read 
with a water adjustment of the instrument zero, is 
illustrated in Table II. In every case, and particu- 
larly in the blanks, the colour becomes more 
intense with the lapse of time ; but the difference 
between the standard and the blank readings 
becomes less except in the case of the Harding with 
Nelson combination, where it becomes greater. 
Thus, although there is an actual intensification of 
colour in every case, there is, except with the 
Harding-Nelson, a “ relative fading ” (that is, a 
lessening of the difference between standard and 
blank readings), which is most marked in the 
Somogyi with Nelson combination. 

Proportionality . — ^The relation between colour 
development and concentration of glucose with 


the fresh copper reagents is shown in Fig. 3. 
Beer’s Law is closely adhered to, even in the low 
range of sugar values, particularly with the 
Harding-Nelson combination. The Harding- 
Folin-Wu and the Somogyi-Nelson combinations 
also give satisfactory results, but the Harding- 
Nelson combination is preferred because of the 
greater stability of its blank colours. 

Discussion 

The above results emphasize the necessity of 
preparing sugar reagents from the best chemicals 
obtainable. Only Analytical Reagent chemicals 
should be employed. The use of reagents pre- 
pared from impure chemicals can only lead to the 
production of unreliable results. 

• The purity of sodium carbonate seems to be the 
most important factor in the production of satis- 
factory copper reagents. If Analytical Reagent 
sodium carbonate cannot be obtained, the ordinary 
sodium carbonate should be heated in a crucible 
to red heat and maintained at that temperature 
for about thirty minutes. The cooled product is 
powdered in a mortar and stored in a bottle with a 
tightly fitting stopper. This treatment ensures that 
any contaminating sodium bicarbonate is decom- 
posed into sodium carbonate. The procedure. 



Fig. 3. — Calibration curves for glucose methods with 
reagents prepared from Analytical Reagent grade 
chemicals. Photo-electric readings (E x 100) witli 
the Hilger Spekker absorptiometer, 1 cm. cells and 
Ilford spectrum red filters. 

however, is only recommended when Analytical 
Reagent sodium carbonate is not available. 

Some samples of Nelson arsenomolybdic acid, 
prepared strictly according to Nelson’s instruc- 
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TABLE U 

STABILnr OF COLOUR OF A 200 MG. GLUCOSE STANDARD DURING nGHTEEN HOURS 
(Figures represent photo-electric readings, E X 100) 



Harding 

and 

Folin-\Vu 

Harding 

and 

1 Nelson 


Somogyi 

and 

Folin-Wu I 

I Somogyi 

and 

1 Nelson 


■ 

200 mg. 
std. 

Blank 

Diff. 

200mg.i 
std. j 

Blank | 
1 

Diff. 

200 mg. 
std. 


Diff. 

200 mg. 
std. 

Blank 

Diff. 

I 

(min.) 

5 

63 

■1 

59.5 

77.5 

14 

63.5 

76 

18.5 

58.5 

80 

19.5 

60.5 

(hr.) 

I 

64.5 

5 

59.5 

78.5 

14.5 

64 

77.5 

22.5 

55 

83 

23 

60 

18 

72 

21.5 

50.5 

.127 

18 

109 

78 

40 

38 

107 

85 

22 


tionSj give a persistent green colour with either the 
Harding or Somogyi copper reagents. Other 
batches give a green colour which with Harding 
copper reagent develops, into a blue colour within 
5 minutes, while with the Somogyi reagent the 
colour retains a definite greenish tint for about one 
hour. It has also been found that the readings of 
blanks prepared from the Harding or Somogyi re- 
agents increase slightly with the age of the reagent. 
Neither of these points affects the accuracy of the 
results when the readings of the colours are made 
with a red light filter, and when, with a photo- 
electric instrument, the zero setting is made with a 
blank solution. 

Summary 

1. The Harding copper reagent (without the 
iodate) proposed by Haslewood and Strookman 
gave better colour development both with Folin 
and Wu phosphomolybdic acid and with Nelson 
arsenomolybdic acid than did the corresponding 
Somogyi reagent. 


2. The colour development obtained with Har- 
ding reagent is of the same order as that obtained 
with Somogyi reagent. 

3. The Harding-Folin-Wu and Harding-Nelson 
combinations are found to give the more stable 
colours, the Somogyi-Nelson and the Somogyi- 
Folin-Wu combinations being subject to varying 
degrees of fading. 

4. With low sugar concentrations the Harding- 
Nelson combination is found to give more reliable 
results than the Harding-Foh'n-Wu. 

5. Only chemicals of Analjiical Reagent (A.R.) 
quality should be used for the preparation of blood 
sugar reagents. 
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FAMILIAL INTESTINAL POLYPOSIS 
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Familial polyposis is of interest for its own sake 
as a sort of pathological curiosity and also in 
relation to the problem of cancer. The term 
“ polyposis ” is used to describe a widespread 
adenomatous proliferation of the intestinal mucous 
membrane, leading to the formation of multiple 
adenomata. It should not be applied to intestinal 
polyps of different histological structure, such as 
inflammatory or fibroid polyps, because these 
exhibit no special tendency to carcinoma, whereas 
true polyposis undoubtedly docs. In fact, intestinal 
cancer is an almost invariable sequel to familial 
polyposis. 

Clinical Classification of Adenomatous Polyps 

Two clinical types of multiple adenomatous 
polypi may be distinguished : (1) a familial variety 
which affects several members of, one family and 
generally manifests itself in adolescence ; and (2) 
a so-called acquired variety which usually appears 
later in life and is not hereditary. This classifica- 
tion of intestinal polypi was first suggested by 
Erdmann and Morris (1925) who pointed out that 
there arc some features in which these two clinical 
conditions resemble each other and some in which 
they differ. Both types of polypi tend to malig- 
nancy, but in the familial or adolescent variety 
the polyps are very widely disseminated through- 
out the rectum and colon, whereas the acquired or 
adult type is more limited in numbers and extent. 
Also the liability to cancer is greater in the familial 
than in the acquired type. 

Differentiation of tlic Familial Type 

Although these points of distinction between the 
two varieties are of value, they do not always serve 
to settle at once whether a case of multiple polypi 
is of the familial or acquired type. In most cases 
this can only be decided by inquiring carefully 
into the family history. When this is done there 
is often ample evidence that near relatives have 
been similarly affected and the case is obviously 
of the familial type. In other instances there is 


nothing to suggest that any near relative has had 
any complaint which could be attributed to poly- 
posis. Our experience at St. Mark’s Hospital is 
that evidence of a familial character is obtained in 
about one-third to one-half of all polyposis patients 
at the time of first diagnosis, and this is in close 
agreement with the experience of McKcnney (1936) 
and Friedell and Wakefield (1943). However, this 
is certainly an underestimate of the extent of the 
familial character, because if tire distinction 
between the familial and the acquired type of poly- 
posis is only to depend on the presence of polypi 
in other members of a family then obviously the 
first victim in a family will always be classified as 
“acquired.” Only when subsequent cases have 
occurred among relatives will the familial charac- 
ter be apparent. For this reason cases provision- 
ally classified as of the acquired type may need to 
be reconsidered if evidence of a familial disposition 
is discovered later. 

Development of Knowledge of Famiiinl Polyposis 

Polyposis is a relatively rare disease, and before 
the closing years of the nineteenth century nothing 
was known of its familial character or liability to 
cancer, though a few descriptions of multiple 
polypi can be found in the medical literature of 
that period. Some of the reported cases were 
probably examples of inflammatory polyps follow- 
ing chronic ulcerative colitis or dysentery ; in fact, 
it was generally supposed in those days that all 
polyps were the late result of an inflammatory pro- 
cess. The credit for recognizing tlic familial 
character of some forms of polyposis should be 
given to Harrison Cripps (1882), who sixty-five 
years ago read a paper before the Pathological 
Society of London entitled “ Two cases of dis- 
seminated polypus of the rectum.” The interest 
of this communication lay in the fact that the two 
patients, a boy of 19 and a girl of 17, were brother 
and sister. Within a few years several other 
examples of familial polyposis were reported, and 
the fact became established that heredity is aa 
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important consideration in relation to some 
intestinal polypi. 

Eight years later Handford (1890) also presented 
a paper before the same society in which he 
described a case of polyposis in a woman aged 34 
who died from cancer of the rectum. Similar cases 
were soon recorded in other countries and evidence 
began to accumulate both of the familial character 
and of liability to cancer. 

The introduction of the sigmoidoscope resulted 
in a rapid advance in knowledge of this disease ; 
and Lockhart-Mummery, who was one of the first 
surgeons in England to advocate the more general 
use of the sigmoidoscope, was also one of the first 
to publish genealo^cal trees depicting the trans- 
mission of polyposis from one generation to 
another (Lockhart-Mummery', 1925). His paper 
illustrated the inheritance of -polyposis in three 
families, and five years later further information 
about these families and other similar cases was 
recorded (Dukes, 1930). Since then many more 
cases have been reported. 

Morbid Anatomy and Histology of Polyposis 

In the familial type of polyposis the whole 
mucosal surface of the colon and rectum is covered 
with iimumerable tumours ranging in size from 
tiny mammillations, only just visible, up to large 
pedunculated tumours. TTie smaller tumours are 
sessile (Fig. 1), but the larger ones are often 
attached by a broad strap-like stalk (Fig. 2). The 
total number of tumours varies considerably. They 
may cover the whole surface diffusely so that it 
is hard to find an unaffected patch of mucous 
membrane, or they may be more sparsely scat- 
tered ; but there are always large numbers of 
tumours. The disease generally affects the whole 
colon and rectum but not the small intestine and 
stomach, though occasional isolated polyps may be 
found in the stomach also (Coffey and Bargen, 
1939). As a rule, however, the disease ends 
abruptly in the ileo-caecal junction. 

Sections show the tumours to be adenomas in 
which active epithelial proliferation is in progress. 
AU stages in the development of an adenoma may 
be noticed, the commonest lesions being small 
adenomas with a short pedicle (Fig. 3). In behveen 
the tumours the intestinal mucous membrane may 
show patches of hyperplasia. 

When e.xamining a case of polyposis a special 
search must be made for signs of carcinoma. The 
features which suggest malignancy are darker 
colour, firmer consistency, and ulceration. The 
adenomata themselves are often darker in colour 


than the surrounding mucosa, but a focus of car- 
cinoma makes such a. tumour even darker still. 
Most adenomata feel soft and have a rubber-like 
consistency, but when malignancy has supervened 
they feel much harder and more solid. Ulcera- 
tion is almost invariably a sign of malignancy, 
and so is induration of the stalk of a pedunculated 
tumour. 

Sj-mptoms and Diagnosis of Polyposis 

In familial polyposis the onset of symptoms is 
usually insidious and there is at first only slight 
looseness of the bowels associated with the passage 
of small quantities of blood and mucus. At first 
the patient is not ill in the clinical sense. This is 
a point of distinction betw'een polyposis and poly- 
poid lesions of an inflammatory nature following 
colitis or dysentery', because in these the initial 
illness is of a severe character. On the other hand, 
with familial poly'posis the initial symptoms are 
relatively trivial. For instance, in two cases 
recently encountered the patients had suffered from 
symptoms of poij'posis for seven years before con- 
sulting a doctor. 

The final diagnosis of polyposis generally 
depends on the result of sigmoidoscopic examina- 
tion, but radiographs are sometimes a valuable 
aid to diagnosis. Anderson and Marxer (1930) 
have pointed out that in polyposis the mucosa in 
general presents a mottled or honeycombed appear- 
ance, but frequent e.vamination may be needed to 
demonstrate this well, and the general routine of 
the ordinary' barium meal may require some 
modification. 

Inheritance of Polyposis 

It is well known that, although cancer itself is 
not inherited in the ordinary sense of the word, 
none the less certain families do show a strong 
predisposition to the development of rumours. In 
these families tumours of a specific ty'pe tend to 
appear in a specific organ (Macklin, 1935). The 
simple occurrence of two or more cases of cancer 
in one family does not of course prove that any 
inherited predisposition exists. The operation of 
the law of chance will naturally result in some 
families having an excess of cancer and others 
none at all. But, as Weller (1937) has pointed out, 
there is ample evidence of the existence of some 
families in which the mass incidence of cancer is 
significantly in excess of all normal expectations, 
and he quotes as an example the family originally- 
studied and reported by Warthin. Forty-one out 
of 174 members of this family attaining the age of 



36 


CUTHDERT E. DUKES 


25 years developed neoplasms. With two excep- 
tions all the cancers were of the gastro-intestinal 
tract and uterus. No less than 20 of the males 
had suffered from cancer of the intestinal tract. 

Members of polyposis families show no special 
proclivity to the development of tumours in any 
other organ of the body than the intestine, and the 
disease does not usually manifest itself before 
childhood or puberty although the age at which 
adenomata develop varies considerably in different 
families. For ihe cases we have investigated at 
St. Mark’s Hospital, London, the average age at 
which adenomata were discovered was 22 years. 
The youngest patient was 8 and the oldest 45. 
There was reason to believe that the tumours had 
been present for a year or two before they were 
discovered, so they probably developed at about 
20 years of age on the average. Gabriel (1945) 
states that only rarely has polyposis been noticed 
in the first decade or after forty years of age. 
Occasionally, however, cases have been reported 
which suggest that polypi have been present at birth 
or developed in infancy. Thus McKenney (1936 
and 1939) reports one family in which he sigmoid- 
oscoped four children aged 2, 5, 9, and 11, and 
found adenomas in each. These tumours seemed 
to be progressively larger and more numerous as 
age advanced, and he considered that in these four 
children polypi had probably been present at birth. 

One of the unsolved problems in the pathology 
of polyposis is whether all or only some members 
of a family inherit the mysterious defect which 
manifests itself finally as polyposis. In a decent- 
sized, intelligent, and co-operative polyposis family 
one can generally get evidence that about half the 
adult members are or have been affected. The 
question is whether the at present unaffected indi- 
viduals are destined to develop the disease later. 
The only way to answer this conundrum is to 
watch to see what happens to them. At St. Mark’s 
Hospital we have engaged in this waiting game 
for more than 20 years and have had the oppor- 
tunity more than once to observe polypi develop 
in an individual who at the first sigmoidoscopic 
examination was certified free from polyps. 

A striking example of this is seen in the genealogical 
tree recorded in Fig. 4. In this chart males are repre- 
sented by squares, females by circles, and individuals 
with intestinal tumours (whether adenomas or carci- 
nomas) by black squares or circles respectively. The 
m.an recorded as III 1 (indicated by an arrow) is now 
60 years of age. His father, grandfather, and at 
least five of his uncles and aunts died of cancer, and 
some of them had transmitted polyposis to their 
descendants. This patient was first examined by 


Mr. Lockhart-Mummery at the age of 38 and was 
found to be free from polypi. He was kept under 
observation, and six years later, when he was 44, 
polypi were first noticed. The patient was quite well 
aware of the existence of the skeleton in the family 
cupboard and he kept closely in touch with his medi- 
cal advisers, which proved to be a good policy for 
him, because at the age of 56 he developed cancer of 
the descending colon. This was successfully excised 
by Mr. Lockhart-Mummery, but three years later at 
the age of 59 he developed cancer of the rectum, which 
was dealt with by Mr. Naunton Morgan by perinco- 
abdominal excision. A few months later, at the age 
of 60, the patient developed a third cancer at the site 
of his colostomy, and this was also removed without 
delay. 

This patient’s story illustrates the difficulty of 
deciding whether the defect leading to polyposis 
is inherited by all or only by some members of a 
family. On the first occasion when the pedigree 
of this patient was published (Lockhart-Mummery, 
1925) he was represented as unaffected. When 
further details were published by Lockhart- 
Mummery and Dukes in 1939 he was recorded 
as suffering from polyposis. Now the story has 
unfolded itself still further, and he is recorded as 
an example of multiple cancer. 

This incident also illustrates the fact that a 
polyposis family group is constantly changing its 
composition and the proportion of unaffected 
individuals varies from time to time. McKenney 
(1939), who has kept careful records of three 
families for several years, has described tersely the 
vigilant attitude which must be adopted by the 
student of the disease. “ A polyposis family group 
history is an ever-changing one,” he says, “and 
the chronicler must not lay aside his typewriter as 
the story must constantly be rewritten.” 

There are two ways in which further knowledge 
may be gained about the transmission of polyposis. 
One is by patiently observing year by year and 
recording what happens in polyposis families. The 
other is by searching for curious and unexpected 
incidents which may throw light on the problem. 

There is, for instance, the family reported by Zahl- 
man in which a woman free from polyposis was 
married twice (for reference see Dukes, 1930). By 
her first husband, who was also free from polyposis, 
she had two children, both of whom were healthy. 
Her second husband suffered from polyposis, and ulti- 
mately died of cancer. By him she had four children, 
all of whom suffered from polyposis. This proves 
transmission by the male.' 

Again, in a family recorded by McKenney (1936), 
a woman suffering from polyposis was married twice, 
each of her husbands being free from the disease. 
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She had four children, two by each husband, and all 
four children suffered from polyposis. This proves 
transmission by the female. 

One of the families studied at St. Mark’s Hospital 
is of special interest because of the presence of twins 
in the second generation. Each of the twins developed 
polypi about the age of 30. One was treated by 
colectomy at the age of 41 and succumbed to the 
operation : the other also died of intestinal cancer at 
the age of 41. 

Polyposis patients sometimes ask the question : 
Who was responsible for first introducing this 
defect into our family and what is it due to? TTiis, 
of course, is another unsolved problem, but a clue 
to it might be obtained if family pedigrees could be 
traced further back. People generally know some- 
thing about the health of their parents, but very 
little about their grandparents and practically 
nothing about their great-grandparents, so it 'is 
seldom possible to trace a complaint through a 
family for more than two or three generations. 

When further data are available it may possibly 
be found that polyposis results from the chance 
mating of two individuals, each of whom was 
destined to die of cancer of the intestine. At any 
rate it is worth recording that in two of the ten 
families we have investigated at St. Mark's Hospital 
the disease appeared in a family in which both 
father and mother had died of cancer of the rectum 
or colon. As far as could be ascertained this was 
the starting point of the disease in these two 
families. 

Relationship of Polyposis to Carcinoma 

Malignant disease secondary to familial poly- 
posis is characterized by its early age of onset and 
the fact that more than one primarj' focus of car- 
cinoma may be present. Among the general popu- 


lation it is rare for cancer of the rectum or colon 
to develop before the age of 40, but in families 
affected by polyposis it develops in the thirties or 
even earlier. The age at death from intestinal 
cancer in polyposis families is younger by about 
twenty years than the average age of death from 
intestinal cancer in the general population. There 
is considerable variation in difi'erent families, but 
in most cases it may be said that polypi may be 
expected before 'the age of 20 and cancer is liable 
to manifest itself some, ten to fifteen years later. 

Polyposis is not a familial disease which is likely 
to spread and become more prevalent: on the con- 
trary polyposis families tend to die out. That is 
because cancer so frequently develops before the 
age of marriage and because even those who do 
marry die young. Moreover there seems to be a 
tendency for malignant disease to begin at an 
earlier age-period in each succeeding generation. 

Tbe treatment of polyposis presents a difficult 
problem. Constant medical supervision is neces- 
sary so that a radical excision may be undertaken 
as soon as malignancy is detected. No other 
method of treatment than surgery has any per- 
manent effect on the course of the disease. 
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Fig. 1. — Surface view of mucous membrane of Fio. 2. — Pedunculated .adenomata in familial 
colon in familial polyposis, showing sessile intestinal polyposis, 

adenomata. 




Fig. 4. — Family tree, showing; I Death from can- 
cer of rectum, aged 42 ; II (1, 2, 3, 4, 5, 7) Death 
from cancer of rectum,. aged 42, 52, 54, 39, 27, 
and 44 years respectively ; III (1) Polypi at age 
44, carcinoma of splenic flexure at 56, carcinoma 
of rectum at 59, and carcinoma in colostomy at 
60 years ; (3) Polypi at age 37 ; (4) Polypi at 
age ]]; colectomy for polyposis at 31; death 
from cancer of rectum at 52 ; (5) Death from 
cancer of colon aged 33 years. 


Fig. 3. — Section through rectal mucosa in a case of 
adenomatosis (x8). Reproduced by kind per- 
mission of the Lancet, from the article by 
Lockhart-Mummery and Dukes (1939). 
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REPORT ON TWO SPECIES OF THE GENUS FUSIFORMIS 
OBTAINED FROM PATHOLOGICAL LESIONS IN MAN 

BY 

HERTA SCHWABACHER AND D. A. MITCHISON 
E.M.S. Sector IV Central Laboratory, Watford, Herts 

(RECEIVED FOR PUBLICATIOS, SEPTEMBER 21, 1945) 


It is at present very difficult to classify accurately 
a given strain of the genus Fusifonnis, and the 
following case histories may therefore be of 
interest. 

Clinical Histories 

Strain 1. — A woman aged 46 years was admitted to 
Shrodells Hospital, Watford, Hertfordshire, under the 
care of Dr. Duffus on Jan. 12, 1945, complaining of 
severe abdominal pain. Since Dec. 25, 1944, she 
had noticed frequency and pain on micturition. 
Her periods had been normal and bowels regular. 
Abdominal pain had become severe on Jan. 8. Her 
own doctor had administered 15 g. sulphonamide ; 
chemotherapy was discontinued in hospital. 

On admission, her temperature was 98° F. ; pulse 
112. There was extreme tenderness in the left 
inguinal region. Vaginal examination revealed full- 
ness in the left fornix. The urine was normal. The 
blood showed leucocytosis and a “ shift to the left ” 
(red blood cells 5,090,000 per 100 c.mm. of blood ; 
Hb 70 per cent ; colour index 0.7 ; white blood cells 
17,200 ; polymorphs 75 per cent, band forms 15 per 
cent ; eosinophils 2 per cent ; basophils 1 per cent ; 
lymphocytes 18 per cent; large mononuclears 4 per 
cent. 

A laparotomy was performed by Dr. Duffus on 
Jan. 12, 1945, One pocket of excessively foetid pus 
was found in the pouch of Douglas, and another 
pocket on the outer surface of the descending colon 
at the level of the iliac crest. The left Fallopian tube 
was dilated and inflamed. There was no diverticu- 
litis or other abnormality of the abdominal viscera. 
A drainage tube was left in situ and the abdomen 
closed. There was free drainage of pus for several 
days. The patient made an uneventful recovery and 
was ready for discharge on Feb. 2, 1945. 

Bacteriological examination of pus from the pelvic 
abscess. — Direct examination showed degenerate pus 
cells, numerous Gram-negative filamentous bacilli, 
and a few Gram-positive cocci in chains. The 
material was inoculated on to two horse-blood agar 
plates containing 6 per cent agar (Ha>'ward and Miles. 


1943), and on Nagler plates (Hayward, 1943), and into 
a tube of Robertson’s cooked-meat medium. The 
Nagler plate failed to show the presence of Cl. Welchii 
or Cl. bifermentans. One blood-agar plate incubated 
aerobically remained sterile ; the second blood-agar 
plate, incubated anaerobically, when examined after 
seventy-two hours showed (1) numerous colonies, 0.2 
to 0.5 mm., opaque and slightly haemoljTic, which 
were found to be composed of Gram-negative pleo- 
morphic cells ; (2) seven-minute “ dewdrop ” colonies 
(in the pool), which finally conformed to Prevot’s 
classification of Str. micros. The cooked-meat 
medium, yielded Ps. pyocyanea in addition to these 
organisms. 

Because of the resemblance of the anaerobic Gram- 
negative bacilli to those seen in profusion in direct 
smear, they were considered to be the cause of the 
abscess. 

Strain 2. — ^A woman aged 62 years was admitted to 
Shrodells Hospital under the care of Dr. Roberts on 
July 4, 1945 ; she complained of a painless swelling 
in the region of the pubic symphysis which she had 
had for 3 or 4 days before admission. During this 
time she had also had diarrhoea. Her temperature 
was 102.6° F. The lump in her pubic region was situ- 
ated superficially, was 3 inches in its largest diameter, 
and was surrounded by a zone of erythema. She was 
placed on full dosage of sulphathiazole and her 
temperature rapidly fell to normal. On July 6 the 
abscess was opened and a large gangrenous slough 
removed. At the same time pus was taken for cul- 
ture. The abscess healed well, and on Aug. 7 was 
only discharging slightly. On July 30 a radiograph 
of the pelvis failed to reveal any bony abnormality. 

Bacteriological examination of the pus. — Direct 
examination showed pus cells, numerous Gram- 
negative bacilli, and a few Gram-positive cocci. The 
material was inoculated on to two horse-blood agar 
plates, containing 2 per cent agar, one of which was 
incubated aerobically and the other anaerobically. On 
the aerobic plate there was a scanty growth of three 
types of colony. One of these was a beta-hacmolj-tic 
streptococcus which did not belong to Lancefield’s 
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groups A, B, C, or G. The other two were diph- 
theroids. 

On the anaerobic plate, after forty-eight hours’ incu- 
bation at 37° C., there was a heavy growth of colonies 
about 0.6 mm. in diameter, consisting of small Gram- 
negative bacilli. In view of its preponderance and 
the fact that the streptococcus did not belong to a 
Lancefield’s group that is normally pathogenic in 
man, this anaerobic organism was probably the prin- 
cipal pathogen. As regards the remaining organisms 
isolated from the pus, the Gram-negative anaerobic 
bacillus was later found to demonstrate satellitism to 
one of the diphtheroids obtained from the aerobic 
plate. 

Description of the Two Strains of Gram-negative 
Anaerobic Bacilli 

Morphology. — ^The bacilli were grown on a 
Fildes slope and incubated in an atmosphere of 
5 per cent CO„ and hydrogen for seventy-two 
hours. 

Strain 1 . — The cells varied considerably in 
length, being 0.5x1.0-10.0 ju. They were Gram- 
negative bacilli and showed irregular staining, and 
globoid or oval bodies, 1.3 n in diameter, lying 
free or along the bacilli, swollen-ended bacilli, or 
filaments having a central distension. Many long 
filaments were curled upon themselves. Some were 
branched, but it was difficult to tell whether this 
was true or false branching. Cocco-bacillary forms 



Strain 1, showing filamentous forms and globoid 

bodies when grown on enriched media. (X 1,000.) 

occurred in unenriehed media. The organisms 
were non-motile, this being confirmed by flagella 
staining ; non-capsulated ; and did not contain 
spores (a culture did not survive heating for ten 
minutes at 80° C.). The organism was not acid- 
fast. 

Strain 2. — The organism was a small Gram- 
negative bacillus, with parallel sides and rounded 
ends, about 0.2 x 0.6-2.5 !<■. It stained uniformly 
with carbol fuchsin, showing little pleomorphism 


and no branching. No capsules or spores were 
demonstrated, and it was not acid-fast. In Fildes 
broth incubated under the same conditions there 
was rather more pleomorphism with coccal and 
long filamentous forms up to 10 n in length. 
Large globoid bodies or distensions in the filaments 
were never seen. The organisms were non-motile, 
as confirmed by flagella staining. 

Colonial morphology. — Colonics were grown on 
blood-agar plates containing 2 per cent agar and 
incubated at -37° C. for seventy-two hours in a 
microaerophilic atmosphere (i.e., the pressure in 
a jar was lowered to 260 mm. Hg and the vacuum 
replaced with hydrogen. 

Strain I . — The colony was between 1 and 
1.5 mm. in diameter, grey, circular, with an entire 
edge, semi-translucent, slightly haemolytic, but 
never frankly beta-haemolytic, raised, convex, 
smooth, shiny, compact, of a butyrous consistency, 
and easily emulsifiable. 

Strain 2 . — This was similar to strain 1, but no 
haemolysis was present. 

Growtli requirements 

Strain I . — After recent isolation, the strain 
failed to grow in peptone water, broth, or gelatine 
agar. The addition of Fildes extract in a concen- 
tration of 1 per cent yielded prolific growth. Pep- 
tone water with V factor, with X factor, and with 

V and X factors yielded growth. Satellitism to a 
Staph, aibus colony on an agar plate was marked 
after seventy-two hours’ incubation. About six 
months after isolation the organism was found to 
be capable of growing in peptone water and broth. 

Cultures incubated in 5 per cent carbon dioxide 
in hydrogen, under microaerophilic conditions and 
under anaerobic conditions yielded colonies whose 
mean diameters were 0.60 mm., 0.44 mm., and 
0.08 mm. respectively. No growth was obtained 
in 5 per cent carbon dioxide in air, or aerobically. 
Fildes-agar shake cultures showed a heavy band 
of growth 12 mm. below the surface of the agar. 
Smaller colonies grew right to the bottom of the 
tube, but no colonies developed above the band. 
For up to five days the colonies were translucent, 
lenticular, and gave the appearance of gas bubbles ; 
later they became opaque and the agar was split 
by gas. 

Strain 2 . — ^This was similar to strain 1, except 
that poor growth was obtained in peptone water 
soon after isolation. Addition of Fildes extract or 

V and X factors increased the amount of growth. 
In the Fildes-agar shake culture, growth was maxi- 
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TABLE I 



Strain L 

Strain 2 

F. necrophonis 

F. fragiOs 

Indole production . . 

— ve 

— ve 

+ve 

variable, usually — ve 

Lactose fermentation 

-f-ve 

+ve 

— ve 

+ ve 

Glucose ,, 

-fve 

-fve 

+ve 

-fve 

Sucrose „ 

+ve 

j+ve 

variable, usually — ve 

-fve 

Maltose „ 

+ve 

+ve 

+ve 

-fve 

Mannitol „ 

— ve 

— ve 

variable, usually — ve 

— ve 

Fructose „ 

+ ve* 

+ve* 

+ve 

-fve 

Glycerol „ 

Gas production in carbohy- 

-ve 

— ve 

variable 


drate media 

little 

little 

much 

little 

H.S production* 

+ve 

-fve 

4-ve 

— ve 

Nitrate reduction 

— ve 

— ve 

— ve 

— ve 

Litmus milk 

Acid and clot after? days 

No change 

Some strains; acid and clot 

Gelatin liquefaction . . 
Liquefaction of inspissated 

— ve 

— ve 

— ve 

— ve 

serum 

Catalase production . . 

— ve 

4*ve 

— ve 
-fve 

— ve 

— ve 


1 Acid but no gas in fructose. 

- Growth on a Fildcs slope tested by blackening of a lead acetate paper; -rve 35 mm. in 24 hours. 


TABLE n 


Date 

Animal 

Mode of 
inoculation 

Killed 

Enlarged glands 

Organism recovered on ' 

culture from i 

Inguinal' 

Sublumbar 

Local 

lesion 

Gland 

I Heart! 
i blood j 

Spleen 

*7.7.45 

20.3.45 

Mouse 

Intramuscular aa 5% 
CaCI. and cooked- 
meat culture 

9.7.45 

26.3.45 

-f. 

-f 

4* 

“f 


! - 1 

! - 

" 1 

20.3.45 

Mouse 

Intramuscular 0.5 ml. 
cooked-meat culture 

26.3.45 

+ 

-f 

— 

j 

i _ 

j 

1 _ ■ 

1 

i i 

*31.7.45 

20.3.45 

Mouse 

Intraperitoneal 0.2 ml. 
cooked-meat culture 

I 10.8.45 
26.3.45 

1 _ 

4- 

— 

— 

— : 

1 

26.3.45 

1 

Mouse 

Intramuscular aa 5% 
CaCl. and cooked- 
m at culture | 

14.4.45 

-f 

1 

-f 

-f 1 

i 

i 

— ‘ 

20.3.45 

Guinea- 

pig 

Intramuscular 1.0 ml. 
cooked-meat culture 

14.4.45 

— 

— 

- - 


i 

- 20 

26.3.45 

Rabbit 

Intralabially. 

Left lip, 0.2 ml. CaCI. 

-f 0.2 ml. saline 
Right lip, 0.2 ml. 
CaCI. -f 0.2 ml. cul- 
ture 

30.5.45 



l 



- <2 

26.3.45 

Rabbit 

Intravenous 1.0 ml. 
cooked-meat culture 

30.5.45 

— 

— 

— 

i 

- 

- 1 16 


10 normal 
human 
sera 





} 

i 

\ 

1 

i 

i 

1 

<20 


• *■ Strain 2- 


D 
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mal at 7 mm. below the surface, but no gas was 
produced. Colony size was increased in an atmo- 
sphere containing carbon dioxide as much as with 
strain 1. 

In Fildes broth both strains produced an even 
turbidity with a slight ropy deposit after forty- 
eight hours. 

Strain 1 survived three weeks in cooked-meat 
medium. 

Heat resistance. — Both strains failed to survive 
five minutes at 60° C. 

Bioclieniicni activities. — These were tested with 
strips of iron in sugar tubes and the results arc 
listed in Table I. 

Drug sensitivity. — Both strains were sensitive to 
5 mg. per cent sulphadiazine, sulphamezathine, 
sulphapyridine, sulphathiazole, and sulphanilamide 
(Harper and Cawston, 1945). The minimal bac- 
tericidal concentration of penicillin for strain 1 
was 62 units per ml., while for strain 2 it was 
between 10 and 20 units per ml. 

Biological tests. — From the biological tests of 
strain 1, listed in Table II, it will be seen that the 
strain proved completely non-pathogenic to the 
laboratory animals used. Mice receiving intra- 
muscular inoculations of 0.25 ml. of 5 per cent 
calcium chloride witli 0.25 ml. cooked-meat cul- 
■ ture showed enlargement of their proximal glands. 
From these glands the fusiform organism was re- 
covered on culture. Because of the morphological 
resemblance of this bacillus to F. tiecrophoms, a 
rabbit received intralabial inoculation. No necro- 
sis developed during a two months’ period of 
observation. 

Serological examination of rabbits and a guinea- 
pig failed to reveal any agglutinin response to the 
organism inoculated ; similarly ten sera, sent to the 
laboratory for Wassermann test, failed to agglu- 
tinate a suspension of the test strain in a final 
dilution of 1 in 20. 

In the case of strain 2. only mice, were tested. 
They received intramuscular injection of the cul- 
ture with calcium chloride and intraperitoneal 
injection with cooked-meat culture. 

Discussion 

Organisms of the genus Fusifonnis are the pre- 
dominant flora of the gastro-intestinal tract, and 
from faeces a very large variety of strains can be 
obtained with widely variable characteristics 
(Eggcrth and Gagnon, 1933). Other members of 


the group cause suppurative lesions of mucous 
membrane and abscesses in tissues close to the gut, 
the vagina, and the genito-urinary system. They 
have been studied for many years from the bac- 
teriological and clinical standpoint by French 
workers (Lcmierre, 1936, who gives the main 
French references) and more recently in America 
(Dack, 1940, who gives a fairly full bibliography). 
In a!! probability infections with these organisms 
arc more common than is realized in this country. 

Of the various described species the following 
two have been studied most completely and arc 
most closely related to the strains we have isolated. 
However, lack of uniformity in technique, in- 
adequate description of individual strains, and 
conclusions based on the study of only a few 
strains make comparisons of different workers’ 
results difficult. The first species, name Fusifonnis 
necrophonis (Topley and Wilson, 1936), Schmorl’s 
bacillus (Weinberg and others. 1937), Bacteroidcs 
necrophonis, etc., is probably identical with Bacil- 
lus fundulifonnis (Weinberg and others ; Dack 
and others, 1938). Fairly full descriptions have 
been given by Henthorne and others, 1936; 
Tessier and others, 1931 ; and by Dack and others, 
1938. All authors agree that, morphologically, 
this is a non-motile, Gram-negative bacillus, usually 
ovoid, with biopular staining in exudates, and, in 
culture, highly pleomorphic, with long filamentous 
forms, often swollen. There are often large 
globoid bodies, irregular staining of the filamentous 
forms, and frequently false branching. The sig- 
nificance of the large spheroidal bodies found in 
cultures of “ Bacteroidcs fiindidiformis ” is dis- 
cussed by Dienes and Smith (1944). They inter- 
pret them as a sign of a reproductive process 
difi'erent from binary fission. However, through- 
out a series of papers on the subject they do not 
appear to have investigated their strains apart from 
the morphology and growth requirements. In the 
full descriptions by the other authors quoted there 
is agreement that colonies are constantly haemo- 
lytic. Tessier and others describe haemolysis in 
blood glucose agar shake cultures resembling that 
of a beta-haemolytic streptococcus, while Dack 
and others state that on first removing a blood- 
agar plate from an anaerobic jar there is no 
haemolysis. As soon, however, as the blood 
becomes oxidized there is a wide area of green 
discoloration round the colonies, which usually 
changes to clear haemolysis on standing. 

It appears that in liquid media there is a 
growth at the bottom of the tube and a clear 
supernatant fluid. 
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As regards biochemical activities. Table I illus- 
trates the results obtained by these authors. No 
strains investigated fermented lactose. Some 
strains appear to be able to produce gas and a little 
acid in carbohydrate-free basic media, which may 
account for some of the discrepancies. All strains 
produce gas as well as acid with fermentable 
carbohydrates. 

The organism is often pathogenic to rabbits, 
causing, on subcutaneous injection, an abscess 
which may spread and finally kill the animal with 
metastatic abscesses in the lungs. Intravenous in- 
jections may cause abscesses in the lungs, liver, 
and joints. Reports differ as to the pathogenicitj' 
of all strains. Those obtained from liver abscesses 
in cattle are more pathogenic than those from 
lesions in man. The mouse is less susceptible than 
the rabbit, while the guinea-pig is immune. 

The second species is called Fttsiformis fragilis 
(Topley and Wilson, 1936). It has been described 
by Henthorne and others (1936), and by Cohen 
(1932). In contradistinction to the first group, the 
organism is not pleomorphic and resembles a 
coliform bacillus in its morphology. The large 
spheroidal forms characteristic of necrophorus are 
not found. The colonies are usually smaller than 
those of necrophorus and are not haemolytic. In 
broth there is uniform turbidity’. The biochemical 
reactions are given in Table I. In rabbits sub- 
cutaneous injection causes a local abscess, but in 
general the organism is less pathogenic than 
necrophorus. . 

The main distinction between necrophorus and 
fragilis is usually based on morphology', haemo- 
lysis, and the production of indole and hy'drogen 
sulphide, but it appears to us that the fermentation 
of lactose is" also important. However, in view of 
the fact that the pleomorphism of necrophorus is 
often present on certain media only, we feel that 
morphology is an uncertain criterion for differen- 
tiation. 

As regards the two organisms described by us. 
No. 1 is similar to fragilis in all points except that 
of hydrogen sulphide production and of its mor- 
phology, which is typical of necrophorus. ‘Methods 
of testing hydrogen sulphide production used in 
the reported descriptions of fragilis and necro- 
phorus vary considerably in sensitivity, so that we 


doubt the significance of this difference. Further- 
more, this organism would have had a morphology 
typical of fragilis had it been investigated in un- 
enriched media alone, so that we are led to doubt 
the significance of a distinction between necro- 
phorus and fragilis based on morphology alone. 
The haemolysis described for necrophorus is far 
more intense and of a character different from that 
observed in strain I. 

Strain 2 fits with the description of fragilis given 
above, again with the exception of hydrogen 
sulphide production. 

Of the remaining members of the genus Fusi- 
fomiis, F. ftisiforniis (Topley and Wilson, 1936) 
is separated off on the basis of basing pointed 
ends, and F. serpens on motility' and liquefaction 
of gelatin. There are other strains incompletely 
described. 

In conclusion we must emphasize that the full 
importance of infections caused by' these organ- 
isms will not be recognized until methods 'of 
anaerobic culture are used on a much wider scale 
than before. Few people realize that anaerobic 
technique is little more difficult than careful work 
with aerobic bacteria. 

Summary 

Two bacterial strains isolated from pathological 
lesions in man and belonging to the fusiform genus 
have been described, and their position in regard 
to the classification of this group has been dis- 
cussed. They are most closely allied to the species 
F. fragilis. 
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DIETHYLENE GLYCOL POISONING: 
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BY 

ERIC WORDLEY 

From the Pathological Departments, Prince of Wales's Hospital and City Hospital. Plymouth 

(RECEIVED FOR PUBLICATION, MAY 16, 1947) 


Few cases, if any, of death from drinking 
diethylene glycol have been reported in this 
country. This substance is, of course, largely 
used as an anti-freeze fluid in radiators of motor- 
cars, and is sold under a variety of trade names 
in- this country, in America, and probably else- 
where, without any restrictions. There is little or 
no mention of the toxicity of this substance in 
British literature. It is not referred to in the latest 
editions of either Sidney Smith’s (1943) or 
Glaister’s (1945) textbooks, nor in Lucas’s (1945) 
Forensic Chemistry. There is no mention of 
this substance in Hunter’s (1943) monograph on 
“ Industrial Toxicology.” Bamford (1940) refers to 
the American “ elixir ” disaster referred to below. 
Brekke (1930) reported two fatal cases following 
the drinking of anti-freeze mixture. 

An editorial article in the Journal of the 
American Medical Association (1937) describes 
and investigates a number of deaths in persons 
taking an “ elixir of sulphanilamide.” In all, 
seventy-three persons died as a result of taking this 
substance. The elixir was a mixture of 9-10 g. of 
sulphanilamide dissolved in 100 ml. of diethylene 
glycol. The dose recommended was three tea- 
spoonfuls every four hours for one or two days. 
The most obvious symptom was anuria. Necropsy 
revealed a purplish mottling of ‘the kidneys with 
necrosis in severe cases. It has been suggested by 
the American investigators of this disaster that 
sulphanilamide and diethylene glycol may produce 
additive toxic actions when given in combination. 

Boemke (1943) reported an incident in which 
anti-freeze mixture was substituted for water in 
making coffee in a German military unit. Many 
men were dangerously ill and one died. It was 
suggested that death was due to uraemia caused 
by the oxidation of ethylene glycol to oxalic acid, 
which is deposited in the kidneys. 


Pons and Custer (1946) describe details con- 
cerning ten soldiers who drank anti-freeze solu- 
tion of ethylene glycol (Prestone type). Apparently 
this substance was drunk as a substitute for alcohol. 
They suggest that tjhe minimum lethal dose is about 
100 ml. The subjects were all young males. Death 
occurred in from twenty-two to forty-four hours 
after ingestion of the fluid. There was little 
opportunity to study clinical manifestations as all 
these cases were discovered in deep coma. Post- 
mortem findings showed generalized congestion 
of all organs and marked pulmonary oedema. The 
kidneys were swollen and displayed prominently 
engorged vessels. Crystals of calcium oxalate were ' 
prominent in microscopical preparations of the 
kidneys, mainly in the tubules. The brains were 
engorged and showed w'hat the authors describe 
as “ well developed encephalitis.” They found 
numerous oxalate crystals in and about the en- 
gorged vessels of the brain. They suggest that 
coma and subsequent death were due largely to the 
cerebral complication. For this reason they also 
suggest that Brekke’s two cases (1930) survived, 
not — as the author suggests — because there was 
unilateral decapsulation of the kidney, but rather 
because the amount of ethylene glycol they took 
was sublethal. 

Milles (1946) reported a case of a man aged 30 
who drapk from a car radiator about 500 ml. of 
fluid that had had anti-freeze mixture added. The 
man died ten hours later with symptoms of heart 
failure and oedema of the lungs. At necropsy the 
kidney tubules were found to be swollen and dis- 
organized. There were abundant deposits of cal- 
cium oxalate crystals in the tubules. He suggests, 
also, that the cause of death in ethylene glycoT 
poisoning is essentially poisoning from oxalic acid, 
and cases should be treated as if that substance 
were the causal agent. 
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Accounts of the toxicology of the glycols are 
conflicting and not very precise. Page (1927) saj's 
he drank 15 ml. of ethylene glycol without ill 
effect. 

Keston and others (1937) studied the toxic doses 
of diethylene glycol on rats and rabbits. A dose 
of from 1 to 2 ml. per kg. of diethylene glycol in 
rats was required to produce pathological changes, 
which consisted of extensive injury to the epi- 
thelium of the renal tubules, leading to urinaiy 
obstruction and uraemia. Hoick (1937), in experi- 
ments on rats, found that 20 per cent of com- 
mercial diethylene glycol in their water killed all 
rats in about two weeks, and even 10 and 15 per 
cent proved fatal to some rats. Laug and others 
(1939) stated that ethylene glycol caused congestion 
and haemorrhage of the lungs. Smidh and others 
(1941) used rats and guinea-pigs. The animals 
were given the verj' large dose of 50 g. per kilo of 
various gh'cols by stomach tube. Most animals 
died within two days. The lethal dose of diethylene 
glycol appeared to be about 20 g. per kilo for rats. 

Morris and others (1942) fed rats with ethylene 
and diethylene glycol at levels of behveen 2 and 3 
per cent. The outstanding lesions were large 
stones in the bladder, tubular atrophy, and renal 
oxalate concretions. Most of the animals sur- 
vived a two-year period of feeding. Sollmann 
(1942) described ethylene glycol as being twice as 
toxic as propylene glycol and half as toxic as 
diethylene glycol. Werner and others (1943) sub- 
jected rats to repeated exposures of vapours of 
ethylene glycol and related substances. The con- 
centrations used were not enough to produce any 
obvious degeneration of the kidneys. Lehmann 
and Fluty (1943) state that the effects of glycol 
poisoning are due to the formation of oxalic acid 
in the kidneys. 

Case Reports 

Case 1. — ^The fatal case now described was a 
young man aged 25, a German prisoner-of-war. He 
appeared back in camp with a bottle of fluid, sa>ing 
that it had been given him as a present by a civilian. 
At the inquest later no light was thrown on how the 
man obtained this fluid. One evening he drank a 
good deal, perhaps the best part of half a winebottle, 
and offered some to others ; in fact two other prisoners 
had a little. 

He was admitted to the City Hospital, Plymouth, 
and died about twenty-four hours after drinking the 
fluid. It was found later that the fluid in the bottle 
was pure dicthylene glycol. On admission he was in 
a deep coma and deeply tyanosed. 


Necropsy . — The body was that of a well-nourished 
very muscular young man. The face was deeply 
cyanosed and blood-stained, with froth oozing from 
the mouth and nose. The heart muscle was softer 
than to be expected in a healthy young man. The 
lungs were intensely congested and oedematous. 
The mucous membrane of trachea and bronchi 
were bright red in colour and full of blood- 
stained mucus. The liver was pale and fatty in 
appearance. The stomach and intestines showed no 
lesions. The kidneys were deep red and of a greas>' 
appearance, and showed great engorgement of cortical 
vessels. The brain was very congested but showed no 
other abnormalities to the naked eye. The bladder 
was distended. The urine contained a cloud of 
albumin, and a few leucocj'tes and red cells were 
present. 

Microscopically all the liver cells showed cloudy 
swelling, and there was a slight amount of fatty 
degeneration. The kidneys showed intense tubular 
degeneration and swelling ; hardly any nuclei were 
visible. In the lumen of numerous tubules crystals 
were prominent. 

At first sight the appearances were those that would 
be expected in a case of poisoning by methyl alcohol, 
but by the time the necropsy was performed it was 
known that he had in fact drunk dietbylene glycol, and 
particular attention was paid to the residual urine in 
'the bladder and to the condition of the kidneys. At 
this time there had been no opportunity of survejing 
the literature, and it is regretted that a detailed micro- 
scopical examination was not made of the brain in 
view of Pons and Custer’s observations referred to 
above. 

Case 2. — ^The second man who also drank some of 
the fluid, perhaps 2 or 3 mouthfuls, was a healthy 
young man of 28 ; he had been slightly sick during 
the night following. He also was admitted to the 
City Hospital, PK-mputh. On admission his colour 
was good but the tongue was furred ; he had slight 
headache and some vomiting shortly after admission. 
He passed 27 oz. of urine during the m’ght. The next 
day he felt better and was allowed up. On the s'ixth 
day after admission, however, he had repeated fits, his 
blood urea was found to be 390 mg. per 100 ml., and 
there was almost complete anuria ; now that the cause 
of death, the nature of the fluid drunk, and the post- 
mortem findings of the first case were known, it w-as 
derided to perform decapsulation of the kidneys. 
This was done by the Medical Superintendent of the 
City Hospital, Mr. G. Larks. 

Operation . — At operation the capsule was stripped 
from each kidney. There was considerable peri-renal 
oedema. Each organ was enlarged, congested, and 
bluer than normal. The tension inside The capsule 
was such that on incision of the capsule the Iddncy 
bulged quite markedly, the capsule stripped without 
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assistance, and the surface of the kidney became 
immediately redder. 

The anaesthetic employed was a “high spinal,’’ 
using novocain with pentothal, nitrous oxide, and 
oxygen. 

Progress . — ^The man steadily improved and made an 
uneventful and perfect recovery. The blood urea 
findings were: 

Just before operation, 390 mg. per 100 ml. 

2 days after operation, 310 mg. per 100 ml. 

3 days after operation, 210 mg. per 100 ml. 

5 days after operation, 105 mg. per 100 ml. 

10 days after operation, 30 mg. per 100 ml. 

Case 3. — The third case was ’also a healthy young 
man, who is said to have had just a taste of the fluid. 
On admission to the City Hospital his condition was 
described as good, and he was in fact admitted only 
as a precaution. He had a little vomiting and head- 
ache during the night following the drinking of the 
fluid. There was a considerable amount of albumin 
in the urine, but no cells or casts. His blood urea on 
admission was 90 mg. per 100 ml. He made an un- 
interrupted recovery. 

Comment 

Without doubt diethylene glycol is a very toxic, 
substance ; if any general tendency develops to 
drink it as a substitute for alcohol, the results may 
be disastrous. The range of the lethal dose in man 
seems to be quite unknown. 


Methods of treatment require investigation, and 
it has still to be decided whether or not treatment 
should be that for oxalic acid poisoning ; it seems 
certain that the kidneys bear the brunt of the 
damage. 

It would seem from the second case quoted in 
this paper that in very severe cases decapsulation 
of the kidneys may be a life-saving measure. 

In view of Pons and Custer’s findings, further 
observations on the histology of the brain should 
be undertaken. 
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ABSTRACTS 


[In this sedion ofihe Journal some of the more important articles on siihjeds of interest to clinical 
pathologists are selected for abstract, and these are classified into four sections: bacteriology ; 
biochemistry ; haematology ; and morbid anatomy and histology.) 


BACTERIOLOGY 

The Effect of AVafer Soluble Lipids on the Gro^rth and 
Biological Properties of Tubercle Bacilli. Ditbos, R. J., 
Dams, B. D., Mtodlebrook, G., and Pierce, C. 
(1946). Amer. Rev. Tuberc., 54, 204. 

The slow rate of growth of tubercle bacilli in the con- 
ventional fluid culture media has been overcome by the 
use of a synthetic basal medium to which is added 
0-05% “ tween 80 ” and 01 to 20% filtered sterile serum 
albumin (conveniently 0-25% bovine serum fraction V, 
prepared as a powder). “ Tween 80 ” is a polyoxethylene 
derivative of sorbitan mono-oleate, which is water- 
soluble and heat-stable. Inoculation of 5 ml. of this 
medium in 25-mm. test-tubes leads to rapid diffuse 
submerged growth in response to very small amounts of 
tubercle bacilli. It is believed that the ” tween 80 " acts 
as a wetting agent and that oleic acid is split off by a 
bacterial lipase to provide a readily as'ailable foodstuff; 
free oleic acid is, however, toxic, but this toxicity can be 
neutralized by the albumin. By adding T5% agar to 
this fluid medium and using 0-5% albumin, a solid 
medium is obtained that will give surface colonies from 
inocula in 1 to 2 weeks. Tubercle bacilli Rowing diffusely 
in the liquid medium retain their ty'pical morphology 
and staining characteristics; they are viable for long 
periods and remain fully virulent. Such bacilli can be 
used for inoculation into experimental animals and into 
chick embryos, and they can produce, as well as react 
specifically with, immune sera. The medium can also 
be used for primary isolation of tubercle bacilli from 
pathological material. 

[The use of water-soluble lipids is likely to revolutionize 
the techniques of culture of Afivo. tuberculosis.] 

P. D'Arcy Hart. 


Stcvens-Johnson Sjaidrome. Report of a Case. NeU-EN, 
M. (1947). Lancet, 1, 326. 

A 20-year-oId male was admitted to hospital with a 
4 days’ history of severe malaise, sore throat, productive 
cough, and vomiting ; soreness of the eyes with a discharge 
had appeared 2 days before. On admission to hospital 
his temperature was 103° F., pulse rate 100, and respira- 
tion rate 30. He had (I) bilateral conjunctivitis with 
vesicles on the conjunctiva and a mucopurulent discharge ; 

(2) ulceration of the nares and pustules on the upper lip: 

(3) discrete adherent white patches up to i inch in 
diameter on the inner sides of both checks and on the 
tonsils; and (4) numerous rhonchi over both lungs. A 


throat swab showed “no haemolytic streptococci, no 
Corynebacterium diphtheriae, no Vincent’s organisms’’; 
the blood count was normal and the Wassermann and 
Kahn reactions negative. Two days later he developed 
(5) 3 purulent discharge and (6) vesicles (containing a 
pMe sterile fluid free from cells) on an erythematous 
base on the dorsum of the arms ; after 2 days the vesicles 
had spread to the lower limbs and trunk. They varied in 
size and rapidly developed dark crusts. The temperature 
ranged from 102° to 104° F. and the fever did not 
respond to sulphamezathine, so 6 days after admission 
penicillin, 15,000 units intramuscularly every 3 hours, 
was pven and the condition improved. The comeae 
remained clear; irrigations with boric acid lotion and 
eye drops of 10% “aibucid” (sulphacetamide) every 2 
hours were prescribed. A fortnight after admission the 
patient developed for 2 days slight consolidation at the 
right base with a pleuritic rub, cough, and viscid sputum. 
A throat swab at this time grew Staphylococcus aureus; 
biopsy of a vesicular lesion showed “slight vascular 
engorgement of the corium and a little oedema of the 
Malpighian cells’’; blood culture was sterile. Three 
weete after admission the eyes were clear, the skin 
lesions were only brown discoloured patches, and 10 
days later the mouth was clear and (he urethral discharge 
had ceased, but the prepuce was so densely adherent to 
the glans penis that circumcision was performed. 

Henry Cohen. 


A Report of an Epidemic of Mild Lymphocj’tic Meningitis 

in Burma. Kibbe, F. W., and Breadeskopf, W. G. 

(1946). Johns Hopk. Hasp. Bull., 79, 365. 

Twenty-three cases of mild lymphocytic meningitis are 
reponed; they probably formed about half those 
occurring in an epidemic among units sers’cd by a U.S. 
general hospital in Burma. The s>mptoms were: severe 
bilateral bursting frontal headache; “eye-ache" and pain 
on moving the eyes, fatigue, weakness, and nausea; 
vomiting; inconstant prodromal symptoms; fever 
(100° to 103° F.): sweating; conjunctival congestion: 
tremor; and neck rigidity, but not so marked as in 
bacterial meningitis. Refle'xes, ocular muscles sensation, 
and mentality were normal, and there were no convul- 
sions. Eight cases showed moderate lymphocvlosis. the 
greatest shift being from 12% to 44%. There was no 
eosinophilia. Four patients while in hospital showed a 
probably significant heterophil antibody agclutination, 
and of 20 readmitted cases, seen 2 months affer the onset, 
13 gave agglutination litres of 1 in 7 to 1 in 224. Com- 
plement-fixation and virus neutralization tests for 
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lymphocytic choriomeningitis, mumps, dengue, and 
three types of encephalitis were negative. The cerebro- 
spinal fluid was abnormal in all cases. Cell counts 
varied from 0 to 490 per c.mm., lymphocytes prcdonu'nat- 
ing except in the case with the highest count. Protein 
varied from 29 to 70 mg. per 100 ml. There was no 
relation between these findings and the severity of the 
symptoms, and in 4 cases the fluid was normal 4 weeks 
later. There was no evidence of spinal block, though 
manometric pressure dcteimination could not be made. 

The infection is regarded as being due to a virus, in 
the absence of bacterial, spirochaetal, or chemical factors, 
or of an associates disease likely to produce a reactive 
meningitis. The frequency of the heterophil reaction 
suggests infectious mononucleosis, some features of 
which were present. The test is, however, apparently 
non-specific, and a number of epidemic fevers in .Japan 
give a positive Paul-Bunncll reaction. Poliomyelitis is 
unlikely, and tests for types of encephalitis were negative. 
The dengue group of diseases also appeared unlikely to 
be implicated. The absence of neurological dysfunction 
makes lymphocytic choriomeningitis again improbable. 
The disease is accordingly classed among the group of 
benign meningitides named “acute aseptic meningitis,” 
in only one-third of which have specific viruses been 
found. If any virus were isolated or identified it would 
probably fall into the dengue group. fP. A. Bourne. 


An Outbreak of Trichinosis in New York City with 
Special Reference to the Intradermal and Precipitin 
Tests. Shookhoff, H. B., Birnkrant, W. B., and 
Greenberg, M. (1946). Amer. J. pubt. Hhh., 36, 1403. 

The consumption of pork products from a single 
wholesaler was held responsible for an outbreak of 
trichiniasis, involving 84 cases, occurring in New York 
in the early part of 1945. The values of the precipitin and 
intradermal tests as aids to diagnosis during the actual 
illness are considered. Fifty out of the 84 of the sufferers 
had eaten a sausage preparation called mettwurst. None 
of the pork products consumed had been subjected to the 
usual process of freezing for 20 days at 5° F. 

The incubation period varied between 2 and 35 days, 
but was usually between 5 and 17 days. Attention is 
drawn to the fact that in this, as in most of the large-scale 
outbreaks of this disease in recent years, there were no 
fatalities. The main symptoms were oedema of the 
eyelids, muscle pains, and fever. Gastro-enteritis, 
generally considered ar; early condition, was present in 
only 7 cases. Differential blood counts were carried out 
in 72 cases; in 64 eosinophils were found to c,xceed 
10% of the total white ceils, and in only 1 of the remaining 
8 was the eosinophil count less than 5%. The eosinophil 
count is considered the most useful single laboratory 
test in the early diagnosis of trichiniasis, and if eosino- 
philia is not present the diagnosis should be doubted 
unless the infecting organisms arc isolated. 

The precipitin reaction was performed in 40 cases and 
gave a positive result in 33, with 5 doubtful positive 
reactions. The intradermal reaction with 1 in 10,000 
dilution of trichinella antigen was performed in 21 of 
the S4 cases and gave a positive result in 15 in some after 
repeated tests. The earliest positive reaction was obtained 
on the sixth day of illness, but the best results were 
achieved after the end of the second week, which makes 
die test somewhat limited in its use. The authors question 
the generally accepted view that the skin test becomes 
positive before the precipitin test, as their results indicate 


the reverse. The advisability of using both tests in all 
doubtfiil cases is suggested. • Muscle biopsies were not 
carried out because it was considered that the other 
available tests gave positive reactions earlier in the 
illness. //. C. Maurice Williams. 


False Positive Kahn Reactions. Loss of Titer on Storage 

of Scrum in Ice Box. Lumtz, J. M. (1946). Amer. J. 

din. Path., 16, 768. 

It had been noted that sera from patients after smallpox 
vaccination which ga%'c false positive Kahn reactions 
tended to become negative when exposed to ordinary 
room temperatures for several days. The author tested 
the sera of 59 syphilitic patients (92 sera and 219 tests) 
over a period of 2 to 6 months with the quantitative 
Kahn test; the sera were stored at +2° to 4-4° C. Of 
the 92 sera, 25 (27-1%) showed a moderate loss of litre, 
10 (10-9%) showed a gain, and 57 (62-0%) maintained 
a constant litre. He also tested two groups of false 
positive sera. Group I consisted of 13 patients with 
smallpox, 15 witli malaria, 5 with upper respiratory 
infections, 2 with scarlet fever, and 1 each with tuber- 
culosis of bone, infectious mononucleosis, gonococcal 
arthritis, lymphogranuloma venereum, and a “general 
biologic reaction”; 109 sera were taken and 208 tests 
carried out; all showed a decrease of litre or became 
negative at various periods, usually within a month. 
Group n consisted of 1 patient with pinta whose scrum 
maintained its litre for 3 months, and 5 with leprosy; 
2 sera maintained and 4 lost litre. Illustrative cases 
with results of serum tests are given in seven tables. 
That the serum from the patient with pinta maintained 
its litre is not considered surprising, since the disease is 
due to a spirochaete; the reactions of the leper sera are 
not so easily explained. The loss of litre in general may 
be due to non-specific antibody being more labile, or to 
an inhibitor, present in the serum, becoming activated: 
the difference in behaviour of syphilitic and non- 
syphilitic sera suggests that the two types of antibody arc 
not the same. T. E. Osmond. 


Comparison of the in Vitro Antigonococcal Actions of 

Penicillins G, F, K, and X. Nell, E. E., and Hill, 

J. H. (1947). Amer. J. Syph., 31, 14. 

In this comparison the in vitro activity of penicillin G 
and X (both pure crystalline) and of F and K (approxi- 
mately 90% pure) has been tested against freshly isolated 
cultures of gonococci obtained from a large number of 
patients. The authors are doubtful whether the gono- 
coccus is an appropriate organism for standard testing 
and consider that the meningococcus might be more 
suitable. The tests indicate that pure crystalline penicillin 
is 7-3 times more efficient in vitro than is pure crystalline 
G against freshly isolated gonococci from 76 different 
patients, and that 90% pure penicillin is 3-3 times as 
efficient against the same organisms. Pure crystalline G 
and 90% pure K were also tested against gonococci from 
40 different sources, and it was shown that the average 
in vitro efficacy of K was 1-5 times that of G. 

[It will be appreciated that the fate of K in the body 
would discount its use as a practical therapeutic agent. 
The authors rightly urge that further cliniail trials of 
crystalline penicillin X in gonorrhoea should be made as 
soon as possible. Their technique is ingenious and the 
paper should be read in the original by those who arc 
interested.] G. L. M. McEiligoU. 
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Absorption and Excretion of Water. The Antidiuretic 
Hormone. Verney, E. B. (i946). Lancet, 2, 739. 

. In the dog the peak of the diuresis which follows the 
ingestion of 250 ml. of water occurs after 50 minutes, 
but the absorption curve reaches the 250-ml. level at 
35^ minutes. Subtraction of the water-e.xcretion curve 
from the absorption curs’e gives the water load curve, 
which represents the amount of water temporarily held 
in the tissues in excess of the optimal amount. The peak 
of the water-load cuive occurs 15 minutes earlier than 
that of the excretion curve. There is therefore a delay 
of 15 minutes between the maximal stimulus to excretion 
and the maximal response of the kidnej- to the stimulus. 
The diuresis is inhibited by muscular exercise, emotional 
stress, or a rise in the osmotic pressure of the carotid 
arterial plasma. 

The inhibitory effect of exercise is accompanied by an 
increase in the chloride, nitrogen, and pigment content 
of the urine. This inhibitory effect is only apparent and 
is really due to emotional stress, as emotional stress 
produced by mild faradism without exercise gives rise 
to a similar inhibition, which might be due to vasomotor 
changes, though the rise in chloride excretion is against 
such an interpretation. This hypothesis is disproved by 
the fact that the inhibitory response is unaltered by 
complete denervation of the kidneys. The argument 
that the inhibition may be due to release of adrenaline 
is disproved by the fact that the response is not altered 
by the removal of one adrenal gland and the denervation 
of the other. Moreover, occlusion of the renal artery, 
whether complete or partial, causes a different response, 
the inhibition of urinary flow rising suddenly as soon as 
the compression ceases. Lastly, direct measurement of 
renal blood flow during emotional stress demonstrates 
the independence of the re^onse. 

Comparison of the inhibitory response to emotional 
stress with that due to the intravenous injection of 
adrenaline and of posterior pituitary extracts shows 
significant differences. Adrenaline produces a sudden 
fall in urinary excretion and an almost equally sudden 
recovery, a response unlike that of emotional stress. On 
the other hand, a suitable dose of posterior pituitary 
extract produces a response identical with that of 
emotional stress. There is a latent period (absent in 
experiments with adrenaline) followed not only by a 
decrease in urinary excretion but by an increase in urinary 
chloride and nitrogen. The return to normal is more 
gradual than after adrenaline injection. Exact similarity 
between the responses to emotional stress and to 
injection of posterior pituitary extract does not prove a 
causal identity. The proof is found in the fact that the 
pobarria which follows removal of the posterior pituitary 
subsides after a week. Thereafter emotional stress fails 
to elicit the tj-pical response, which, however, occurs as 
usual after the injection of posterior pituitary extract. 

Increased activity of the sympathetic nervous sv'stem 
may overcome the inhibitoiy effect of the posterior 
pituitary. The action of adrenaline is not ^ecific, 
tyramine being as effective. It is probable that increase 
of cerebral blood flow is the common factor preventing 
release of the antidiuretic substances. It seems, therefore, 
that low sympathetic tone associated with noxious 
stimuli is favourable to the prolonged secretion of 
antidiuretic substance. The release of this substance is 
caused by such mild disturbances of the central nervous 
sj’stcm that it becomes important to determine whether 
the secretion is varying continuously under the control 


of some factor in the animal’s internal environrnent the 
maintenance of which within a narrow physiological 
range is important for the animal’s welfare. It seemed 
probable that this factor is the osmotic pressure of the. 
carotid plasma, as shown by the finding that the injection 
of hroertonic solutions into the carotid artery causes an 
inhibition of urinary flow, the magnitude of the response 
varying with the tonicii>' of the solution at constant rate 
and period of injection and with the period of injection 
at constant volume and tom'citj'. This effect disappears 
after removal of the posterior pituitao' but can be 
mimicked by the injections of posterior pituitary extract. 
It can be produced by the injection either of sodium 
chloride or of iso-osmotic dextrose, and is therefore 
dependent on the osmotic pressure and not specifically 
the substance. Comparison with the effects of posterior 
pituitary injections demonstrates that increase in blood 
chloride of 8 mg. per 100 ml. causes the pituitary to 
secrete 1 fiV. per second. There can be little doubt 
that the secretion of the posterior pituitary' is a hormone 
in the true sense, its liberation being continuously 
governed by the contemporary concentration of chloride 
and possibly of other osmotically active substances in 
the arterial plasma. The control is presumably effected 
by osmoreceptors connected by nervous paths with the 
pituitary. 

[This important paper should be read in full.] 

Raymond Greene. 

Biochemistry of Inflarmnation. Menkev, V. (1947). 

Lancet, 1, 660. 

The author believes that the clim’cal features of acute 
inflammation are due to the liberation of “biocherm’cal 
substances” from injured cells. In this paper he sum- 
marizes his extensive work on this subject and describes 
the five substances he has so far isolated from inflamma- 
tory' exudates. 

Leiikotaxine increases capillary permeability, so that 
plasma proteins, dyes, colloids, and bacteria readily 
escape into and are concentrate in the injured area. 
The author has isolated this in a relatively pure form ; 
it seems chemically not to be a histamine-Iike substance, 
as postulated by Lewis, but a relatively simple poly- 
peptide. It is positively chemotactic to polymorpho- 
nuclears, but docs not induce general leucocytosis. 
Leukotaxine is abundant in the rabbit’s succus entericus, 
and may be found in such fluids as the contents of ovarian 
cysts. 

L.P.F., a leucocytosis-promoting factor contained in 
inflammatory exudates, causes leucocytosis and hyper- 
plasia of marrow granulocytes and megakary'oeytes. 
The author has also isolated this substance, which appears 
to be a pseudoglobulin and not present in normal serum. 

Necrosin is associated with the euglobulin fraction of 
inflammatory exudates but not of normal serum. Intra- 
dcrmal injection of necrosin causes an intense inflamma- 
tory reaction followed by superficial necrosis; the 
lymphatics are occluded by fibrin, and blood vessels may 
be thrombosed. Intravenous injection may causa fcxxil 
necrosis of the liver, pleural effusion, intestinal haemor- 
rhages, or renal changes. Necrosin is lethal to mice. 

Pyrexin is another factorin the euglobulin fraction of 
inflammatory exudates which induces fever when in- 
jected intravenously into mice. Pure necrosm is not 
pyrogenic. Injection of the whole euglobulin fraction 
of inflammatory exudates causes leucopenia as well as 
necrosis and pyrexia. Vomiting, diarrhoea, and “genera! 
apathy ’ may also occur. The leucopenia seems to be 
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due to “a trapping of the leucocytes in lungs, liver, and 
spleen.” It is ascribed to a specific leticopenic factor. 

[This paper gives little idea of the stimulating qualities 
of Menkin’s book, The Dynamics of Inflammation. 
The author’s postulate, that the effects he describes in 
this paper are due to definite chemical entities constantly 
present as such in inflammatoo' exudates, may not gain 
general acceptance until much confiimatory evidence is 
available.'] Martin Hynes. 


Urinary Excretion of Phosphatases in Man. Burgen, 

A. S. V. (1947). Lancet, 1, 329. 

Urinary phosphatase was determined by tlic liydrolysis 
of monophenyl phosphate and the estimation of liberated 
phenol by the diazo method of Theis and Benedict, which 
is unaffected by uric acid. The daily excretion of phos- 
phatases in the urine of 50 males and 25 females without 
genito-urinary disease was estimated. Alkaline-phos- 
phatase excretion was low and irregular and showed no 
significant variation with age or sex. The average daily 
acid-phosphatase excretion in females is about 50 units, 
irrespective of age. The male acid-phosphatase excre- 
tion level is similar in childhood, but rises sharply at 
puberty above that of females, reaching a maximum of 
350 Units between 30 and 40 years and returning to the 
prepubertial level in old age. The normal rate of 
haemolysis will explain female urinary excretion of acid 
phosphatase, but tlic acid-phosphatase excretion increase 
in the male during the reproductive period is usually 
assumed to come from the prostate. Samples collected 
over 24 hours from .1 men by suprapubic cystotomy 
suggest, however, that part of the excess acid phos- 
phatase is excreted through the kidney. No alteration 
in phosphatase excretion was found in disease of the 
prostate or in nephritis. E. F. McCarthv. 


The Nicotinamide Saturation Test. Euunger, P.. and 

Hardwick, S. 'W. (1947). Brit. mat. J., 1, 672. 

Urine samples collected every 24 hours for 1 1 days 
from 1 diabetic and 5 healthy persons were examined for 
nicotinamide methochloride by Coulson, Ellingcr, and 
Holden’s method (Bicchem. J., 1944, 38, 150). The 
subjects were given oral doses of 100 mg, of nicotinamide 
after the third and liinth urine collection, and of I g. 
of methionine every 12 hours on the seventh to eleventh 
day. The methionine did not aflcct the methochloride 
excretion rate, but when the dosage of nicotinamide 
was prolonged so as to deplete the body stores of “methyl- 
donators,” added methionine increased the urinary 
response. The ellect was demonstrated by c.xperimcnts 
" on groups of 5, 8 (3 pellagrins), and 8 (3 pellagrins) 
mental patients, whose 24-hour urine samples were 
collected for 14 days. The patients received cither oral 
or subcutaneous doses of nicotinamide after the third 
to the thirteenth urine collection and oral doses of 1 g. 
of methionine cverj’ 12 hours on the ninth, tenth, and 
eleventh days of the test. The effect of methionine was 
greater after a daily intake of 500 mg. of nicotinamide 
than after one of 100 mg. 

The saturation test described by Ellinger, Bcncsch, and 
Hardwick {Lancet, 1945, 2, 197) would be affected by a 
depletion of the body reserves of “methyl-donators,” and 
the following moditied test is recommended. Twenty- 
four-hour urine samples are collected for 18 days and tire 
urinary nicotinamide methochloride is estimated. Doses 


of nicotinamide (100 mg.) arc administered subcutane- 
ously after the third and twelfth, orally after the sixth, 
and rectaliy after the ninth urine collection, and the 
percentage of ingested nicotinamide excreted during each 
24- and 72-hour period after dosing is calculated. The 
results obtained for 6 physically fit and 3 pellagrin mental 
patients arc discussed. The urinary response to nico- 
tinamide administered rectaliy was slightly less than to 
that given orally, showing that nicotinamide can be 
absorbed from the lower intestine. - J. E. Payc. 

Hydrogen Ion Concentration (/>H) of Normal Vaginas. 
Karnakv, K. .1. (1947). IVcst. J. Siirg. Obstet. Gynce,, 
55, 103. 

The author used the Beckman pH meter and Rakolf's 
vaginal electrodes to study vaginal pH in 52 pregnant 
and 15 non-pregnant women. This report differs from 
previous ones in that the author has determined the pH 
in different sites of the vagina — namely, anterior fomi.v, 
posterior fornix, and left and right lateral walls, the 
averages for these being 4.26, 4.37, 4.34, and 4.46 
respectively. In non-pregnant women the average was 
4.34, while in pregnancy the figure wa.s 4.38. The over-all 
pH average in apparently normal vaginas varies between 
3.27 and 4.99. C. If'. KimbeU. 

Use of a Tourniquet to Prolong the Effect of Penicillin. 
Carlinfanti, E., and Morra, F. (1947). Lancet, 1, 
521. 

The rate of absorption of penicillin injected subcutane- 
ously into thigh or arm can be considerably slowed 
by exerting light pressure with a rubber tourniquet proxi- 
mal to the site of injection. Results comparable to 
those obtained with oil-beeswax preparations can thus 
be achieved. The penicillin concentrations in the blood 
were estimated 'by the capillary-tube method of Fleming 
and by' another method devised in St. Mary's Hospital, 
London, with phenol-red as an indicator of the growth 
of staphylococci. Trials showed that the tourniquet 
should be applied for times vailing from 1 hour after 
injections of 10,000 units to 5 hours after 100,000 units. 
With this mclliod of administration the nuniber of 
injections can be reduced to three of 75,000 units in 24 
hours or to five of 100,000 units in 48 hours without 
letting the penicillin level fall below the lowest ell'cctivc 
one. Geoffrey McContas. 

Estimation of Penicillin in Scrum. Use of Glucose, 
Phenol Red, and Serum Wafer. Fleming, A., and 
Smith, C. (1947). Lancet, 1, 401. 

A micro-method is described for the estimation of 
penicillin in scrum: it is a modification of previous 
methods described by Fleming and by Dr. J. Fielding. 
The medium used consists of scrum (human, horse, 
sheep, or ox) 2 ml., 10% glucose solution 2 ml., water 
6 ml., and phenol red. saturated solution, 0.25 ml. 
This can be sterilized cither by steaming in bulk or by 
boiling for a few minutes. A suitable quantity of the 
medium is inoculated with the test organism (5 ml. of a 
24-hour broth culture to I ml. medium); the authors 
use a haemolytic streptococcus, which produces acid 
more quickly than staphylococcus. Serial dilutions of 
the scrum to be tested (25-mI. volumes) arc made in the 
inoculated medium on the surface of a paralfincd slide. 
Glass capillaries made from soda glass, not from hard 
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glass, are taken, and each of the drops is touched wiA 
the end of a capillarj' tube so that the fluid runs info it. 
The tube is sealed (this can be omitted) and placed 
horizontally on a “plasticine"-covered slide and incubated. 
Tubes in which the streptococci have grown are bright 
yellow and show a hea^y precipitate; tubes in which 
growth has been prevented by penicillin are red or red- 
violet. The test can also be done as a macro-method in 
small test-tubes. The authors have found this method 
rapid and convenient; they discuss the reasons for 
adopting this procedure and the permissible modifica- 
tions. , 

[Presumably the number of units of penicillin present 
is read by comparison with a standard set of tubes 
containing known concentrations of penicillin.] 

F. Hawking. 


17-Ketosteroids in the Diagnosis of Adrenal Tumors. 
Johnson, H. T., and Nesbit, R. M. (1947). Surgery, 
21, 1S4. 

Urinary 17-ketosteroids can be divided into alpha and 
beta fractions, the alpha produced by the adrenal cortex 
and testes, the beta by adrenal cortex only. The authors 
report 3 cases of adrenal cortical carcinoma with 
markedly elevated total 17-ketosteroids in which dif- 
ferentiation into alpha and beta fractions was of value. 
The first case was in a woman of 3 1 years with menstrual 
disturbances, gain in weight, hypertrichosis, and a mass 
in the right upper guadrant of the abdomen. Total 
urinary 17-ketosteroids amounted to 75 mg. per day 
(alpha 19.7, beta 55.3). (Normal for adult women; 
total 2.7 to 8.1 ; 5 to 15% beta.) A carcinoma of the 
right suprarenal was removed. 1 en days after operation 
totat 17-ketosteroids measured 3.8 mg. per day. The 
patient was well one year after operation. The second 
case was in a 2-year-old girl with pubic hair and a large 
clitoris. Excretory urograms showed a right adrenal 
tumour depressing the right kidney. Urinary 17-keto- 
steroids measured 78.5 mg. per day (alpha 15.7, beta 
62.3). (Normal for a child aged 4 to 7 years: average 
of 1.3 mg. per day.) An adrenal cortical adenoma 
undergoing carcinomatous change wzs removed from 
the right side. Ten days after operation 17-ketosteroids 
measured 0.9 mg. per day. The child xyas well 6 months 
after operation, but there was only slight retrogression 
of pubic hair. The third case was in a man of 43 with 
an inoperable carcinomatous mass in the left adrenal 
region and no hormonal symptoms; 17-ketosteroids 
amounted to 86 mg. per day (alpha 36.6, beta 49.4). 
(Normal for adult man: 3.4 to 15 mg. per day.) The 
amount fell with radiotherapy, which produced clinical 
improvement, but rose again with re-growth of the 
tumour. The patient was discharged as unfit for further 
treatment. D. H. Patey. 


Mechanism of Hydrogen Peroxide Formation by Sper- 
matozoa and the Role of Amino-acids in Sperm Motility. 
Tosic, J. (1947). Nature, Land., J59. 544. 

Bull spermatozoa lose respiratory activity and motility 
when kept under aerobic conditions in egg-yolk mediuin. 
This inhibition is due to hydrogen peroxide, which is 
formed by enzymic action for some dialysabic con- 
stituent of the c^ yolk. The chemical behaviour of this 
constituent during attempts at its isolation suggested 
that it is an amino-acid. /-Tryptophane, /-tyrosine, and 
/-phenylalanine can replace egg-yolk medium and in the 


presence of h’ving spermatozoa give rise to hydrogen 
peroxide. Only these three aminoyadds of the many' 
tested had this property. Such specifidty of an /-armno- 
add-oxidase is unusual. The adverse effrets of hydrogen 
peroxide on sperm respiration and motility are produced 
with concentrations that are chemically undetectable, 
but appredable since the effect is abolished by the addi- 
tion of catalase. 

[The finding will be useful in arranging optimal cona- 
tions for the storage and transport of sperm for artifidal 
insemination, but probably has no physiological import- 
ance. Judgment on this will await more detailed descrip- 
tion of the aerobic conditions needed for. the enzymic 
activity.] P- C. IViHianis. 

Determination of Sex Hormones by the »;/-Dinitrobenzol 
Reaction. (Bestimmung von Keimdrusenhormonen 
mittels der z/i-Dinitrobenzolreaktion.) Zlvimer.man, 
W. (1946). Schweiz, med. IVschr., 76, 805. 

This is a review of the dinitrobenzene assay of sex 
hormones and its applications in physiological, bio- 
chemical, bacteriological, and clinical research. The 
author’s method for the assay of sex hormones in urine 
and blood is given in detail. The method has also been 
worked out for the assay of androgenic hormones in 
blood. Af- B. Klein. 


HAEMATOLOGY 

(Jenetic and Constitutional Causes of Foetal and Neonatal 
Morbidity. Levine, P. (1946). Ann. N.Y. Acad. Sci., 
46, 939. 

In some 92% of cases of erythroblastosis foetalis the 
mother is Rh-negative — that is, all her cells are not 
agglutinated by the anti-Rbo (anti-D) serum and her 
serum contains anti-D agglutinins or blocking anti- 
bodies. In about 8% of cases of erythroblastosis foetalis 
the mother is Rh-positive; in these cases the factor 
responsible is one of the other Rh antigens, such as 
Hr[c] or in some cases the ordinary A and B antigens or 
possibly other rare blood group factors. When A or B 
are responsible “ tests of the affected infant’s saliva or 
the deceased infant’s organs should reveal the infant to 
belong to the non-secretor type.” “The demonstration 
of specific increase in anti-A or anti-B agglutinins is 
contributory evddencc.” [These two statements are 
difficult to reconcile, since it has been shown by Smith 
that iso-immune responses to A and B during pregnancy 
only occur when the infant is a “sccretor.”] The 
statistical proof of the part played by A and B in causing 
occasional cases of erythroblastosis foetalis is given in 
the following table: 


Matings 

' Compauble 

O/ 

/O 

Incompatible 

O' 

/O 

Random . . 

65 

35 

215 Rh-nctrative mothers* 

75 

25 

28 Rh-positive mothers* 

50 

50 


•Mclhcfs cf c:>throbl,a«to!ic infjnii. 


In this table incompatible matings are defined as those 
in which the father's blood contains A or B and the 
mother's serum contains corresponding anti-A or 
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anti-B agglutinins. The liigher value for incompatible 
matings in the Rh-positive mothers indicates that iso- 
immunization by the A or B factors can explain at least 
some of the exceptional cases. That incompatible 
matings of this kind also sometimes cause early foetal 
death is suggested by the following figures; 


Matings 

Compatible 

Incompatible 

115 with 2 or more mis- 



carriages 

46% 

54% 

43 with 2 miscarriages or 



stillbirths 

1 

44% 

56% 


“ These figures are highly suggestive and probably 
significant.” Obviously the statistical proof cannot be 
expected to be so convincing as in the case of the con- 
nexion between the Rh factor and erythroblastosis 
foetalis, since there are certainly many causes of abortion 
and stillbirth besides iso-immunization to A and B. 
Further support for the view that immunization against 
A and B occasionally causes foetal death is provided by 
the obsen'ation that the proportion of A children in 
matings between A fathers and O mothers is slightly 
smaller than that produced by matings between O fathers 
and A mothers. Erythroblastosis foetalis occurs very 
rarely in the first-born; however, transfusion of Rh- 
negative women at any time before pregnancy tends to 
. increase this occurrence, especially in its more severe 
form. 


Erythroblastosis Foetalis in the First-born of Rh-negativc 
Women 



Transfusion History 


Previously 

Never 


Transfused 

Transfused 

Severity of disease : 



Mild 

1 

4 

Severe 

5 

4 

Foetal deaths 

10 

1 

Total 

16 

9 


All persons giving transfusions of blood should be 
aware of this most serious risk. 

[This paper is a summary of information previously 
published, but it is worth reading even by those who are 
already familiar with Levine’s contributions. Only a few 
points in it can be referred to in this abstract.] 

P. L. MoHison. 


Isolation and Purification of Blood Group A and B 
Substances ; Their Use in Conditioning Universal Donor 
'Blood, in Neutralizing Anti-Rh Sera, and in the 
Production of Potent Grouping Sera. Witebsky, E. 
(1946). Ann. N.Y. Acad. Sci., 46, 887. 

At present two different preparations of blood-group- 
specific substances arc available commercially in the 
U.S.A.; (1) the A specific substance isolated from hog 
stomach, and (2) the AB specific substance isolated from 
horse stomach. Both are chemically free from protein. 


and neither will sensitize- guinea-pigs. These purified 
preparations arc of practical use: 

1. In neutralizing the anti-A and anti-B iso-antibodies 
of blood of group O. There is now abundant evidence 
that anti-A and anti-B agglutinins in group O blood 
frequently cause some degree of destruction of the 
recipient’s erythrocytes when the latter arc of group A 
or B; occasionally the degree of destruction is sufficient 
to cause severe or even fatal reactions, a danger that can 
be avoided by the addition to the blood of small amounts 
of AB substance to reduce the strength of the antibodies 
to a harmless level, 

2. In suppressing anti-A and anti-B iso-agglutinins in 
anfi-Rh sera. In making Rh tests, sera obtained from 
human beings who have been sensitized by pregnancy or 
transfusion arc most frequently used. These of course 
oAcn contain anti-A or anti-B agglutinins, which must 
be removed or neutralized before the sera can be used 
to lest AB cells. Complete suppression of the anti-A 
and anti-B agglutinins can be effected by quite small 
amounts of the purified group-specific substance. 

3. In production of potent grouping sera. As little as 

O'] mg. of blood-group-spccific substance injected 
intravenously into human beings will often produce a 
tenfold to onc-hundred-fold increase in the original iso- 
agglutinin litre. At the same time the avidity of the sera 
is increased (a minority show a small or negligible 
response). P. L. Mollison. 


The Clinical Significance of Rh Antibodies (Rh Agglu- 
tinins and Blocking Antibodies) in the Sera of Rh- 
negative Mothers ; A Study of 179 Cases. Howard, 
J., Lucia, S. P., Hunt, M. L., and McIvor, B. C. 
(1947). Amer. J. Obstet. Gynec., 53, 569. ^ 

In an eflbrt to correlate the laboratory findings with 
the clinical condition of the babies at birth, the authors 
studied the antibody titre of 179 Rh-negative expectant 
mothers. The maternal sera were examined for complete 
and incomplete antibodies. The investigations were 
carried out in 1944-5, and the latter type of antibody 
was detected by its blocking activity with Rho (cDe/cde 
or cDe/cDe) cells and not by the Race-Coombs test. 

The 179 pregnancies arc divided into four groups: 
group 1, normal Rh-negative children; group 2, normal 
Rh-positive children; group 3, “subclinical” haemolytic 
disease of the newborn; group 4, severe haemolytic 
•disease of the newborn. In group I (61 cases), only 
9 showed isolated complete anti-Rh antibodies, probably 
carried over from previous pregnancies. Group 2 
(78 cases) showed no ante-partum antibody production, 
but a small titre of cither complete or incomplete 
antibody might appear post partum, reaching a maximum 
usually in the second week. There was no significant 
difference between primiparous and multiparous women. 
Group 3 (17 cases) showed production of antibodies in 
the last 12 weeks of pregnancy. Ante partum, in this 
group, there appeared to be a predominance of blocking 
antibody, but the amount of this fell after delivety. Of 
the 17 mothers, 3 were primiparous and 14 multiparous 
— a significant difference. In group 4 (20 cases) anti- 
bodies were always demonstrated ante partum and 
usually the amounts of the two varieties (complete and 
incomplete) varied inversely ; in no case did they rise or 
fall together. Most commonly the complete antibodies 
diminished as pregnancy advanced and the incomplete 
antibodies increased. 
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In 4. cases stillborn children were delivered, and in 3 
of these complete antibodies were demonstrated in the 
maternal serum. On the other hand, in only 3 of 12 
infants bom alive were blocking antibodies not demon- 
strated in the mother’s blood. The authors point out 
that this contradicts Wiener’s view that the incomplete 
antibody is of more serious import, and discuss the 
possibility that the incomplete antibody acts as a pro- 
tective substance for the foetal red cells. The antibody 
titres in group 4 rose to a maximum about the second 
week post partum and then declined. A. J. Butler. 


The Transition Forms of Blood Groups. Hirszfeld, L. 
(1947). J. Iiwmmol., 55, 141. 

A review of the author's theory of the antigenic 
structure of the Ai A- BO blood groups is presented. 
By parallel titrations of red cells of group Ai against 
anti-O feoat anti-Shiga bacillus) and anti-A sera, 
several different forms can be separated. Some appear 
to have more O substance and less A substance and some 
the reverse, the total antigenic substance being constant. 
The reaction of A blood with anti-O serum does not 
depend on the blood being heterozygous O, for in testing 
a large number of samples of blood, many of which 
must have been AiAi (18% in Poland), none was found 
which was completely negative with the anti-O serum. 
Further, the blood of knowm AiAi, AiA,, AiA., and 
A.B persons was agglutinated by the anti-O serum. 
The author^ therefore conriders that the cause of the 
agglutinability “must be searched for in the structure 
of the A and B genes as such.” 

The hypothesis is put forward that there is a range of 
increasingly complete mutations stretching from O 
through As— A,->A,-*A;— An-»Ar-*A, to A^. As is 
so weak in A that the cold agglutinin anti-A is present 
in the serum ; Ai is what is usually thought to be a group 
O with anti-A missing from its serum. The stages 
Ah, A„ and Aj correspond to the classical At gene, and 
the hypothetical A^ is completely A. The mutations 
appear to be changes of similar nature, but of increasing 
extent. A parallel series is proposed from O to B^. 
People who possess anti-O are considered to be A^A,.. 
A3c,. or BcBj. The rarity of persons of these groups 
explains the infrequency of anti-O. 

[It is a pity that this important paper is not more 
detailed; the conceptions of gene and genotype are not 
clearly distinguished, and from reading this paper alone 
one would be left wondering whether the bloods classified 
as An, A„ and Aj were known AO heterozygotes, for, 
if they were not, it seems that AhAh might have as 
much A and O substance as AjO, and be indistinguishable 
from it. This aspect is considered in Ann. Inst. Pasteur. 
1940, 65, 251 and 3S6. The author suggests that the 
direction of mutation is away from O towards A,., and 
that O may eventually disappear. Such progressive 
evolution is not in accord with current doctrine. It also 
conflicts with Ford’s view that the blood groups represent 
• a balanced polymorphism {Genetics for Medical Students, 
1942, p. 19). The evolutionary conjectures are not. 
however, as the author points out, an essential part of 
his theoiy'. The theory does not seem capable of e.xplain- 
ing the presence of a, in the serum of A.B persons when 
this a, is aelive at body temperature. At least three 
sueh cases have been reported by experienced workers.] 

R. R. Race. 


Substifurion Transfusion : A New Treatment for Severe 

Erythroblastosis Fetalis. Wallerstein, H. Amer. 

J. Dis. Child., 73, 19. 

A method is described of substitution transfusion 
given immediately after birth in the sub-icteric stage of 
haemolytic disease of the newborn to prevent sub- 
sequent damage to the liver and brain. Hepatic damage 
in cases of icterus gravis by excessive red-cell haemolysis 
and a reactive liver haemopoiesis has been recognized. 
If this is to be avoided the end-products of haemolysis 
must be removed or their formation prevented. This 
may be done by withdrawal of the infant’s Rh-positive 
cells and their replacement by harmless Rh-negative 
cells. Withdrawal and replacement should be carried 
out simultaneously. The technique is as follows: 
(1) Isotonic saline or pooled plasma is infused into an 
arm vein. (2) Blood (50 to 60 ml.) is withdrawn by 
syringe from the longitudinal sinus. (3) Rh-negative 
blood of a compatible group replaces the plasma or 
saline infusion. (4) When an estimated substitution of 
80% has been accomplished the needle is removeri from 
the fontanelle. The estimate is based on the infant’s 
weight, counting the total blood volume as 10%. (5) The 
infusion is continued until 75 to 100 ml. of Rh-negative 
blood has been given in excess of the amount retmvered, 
10 ml. of 10% calcium gluconate being injected into the 
vein to counteract the citrate in the blood or plasma. 
The procedure takes from i to li hours. Alternatively 
blood may be withdrawn from a small branch of the 
radial artery at the wrist. It is difScult to obtain enough 
blood from superficial veins. [Withdrawal of blood 
from the longitudinal sinus is not without its dangers in 
a jaundiced baby.) 

Details of cases in which the ijrognosis w^as con- 
sidered grave are given. Seven patients recovered and 
2 died, both of whom might have recovered if treatment 
could have been started in the first 24 hours of life. 
Emphasis on anaemia as the indication for treatment is 
an error; the protection of the liver is the primary 
indication. About 30% of cases of haemolytic disease 
show liver damage and 10% kemicterus; until these 
changes can be accurately forecast, substitution trans- 
fusion should be used in all cases. If cases are to be 
selected the following are the most helpful criteria: 
(I) raultiparity with a history of eiythroblastosis in 
previous pregnancies; (2) serological studies; (3) during 
delive^, the presence of icteric amniotic fluid; (4) an 
excessively large, pale placenta; (5) excess of nucleated 
red cells in the blood in the cord. With such indications 
preparation should be made in advance and substitution 
therapy instituted as soon as the baby is bom. 

A. G. Watkins. 


The Treatment of Lymphoblastic Leukemia with Crude 
Myelokentric Acid. Miller, F. R., Herbut, P. A., 
and Jo.s-ES, H. W. (1947). Blood, 2, 15. 

Miller, in assodation with other workers, has pre- 
viously shovvTi that myelokentric acid and Ivmphokentric 
acid are present in varying amounts in the urine of 
patients with acute and chronic leukaemia. Hodgkin’s 
disease, and lymphosarcoma. He has suggested that 
these substances arc of fundamental importance in the 
abnormal processes of blood-ccll production in the 
leukaemias, since they may constitute a balance 
mechanism in normal blood-cell proliferation and 
maturation. Lymphokcntric acid is thought to bring 
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about lymphoid proliferation without maturation, while 
myelokentric acid by inhibiting proliferation of lymphoid 
cells allows them to mature. Maturation of myeloid 
cells is brought about by the action of lymphokcntric 
acid, which inhibits their proliferation. The present 
paper discusses the effect of treatment of S cases of 
lymphoblastic leukaemia with myelokentric acid re- 
covered ftom 'the urine or faeces, since on Miller’s 
hypothesis there is a deficiency of this material in this 
condition. The authors claim 13 partial remissions. 
[Since no patient lived longer than S months the signi- 
ficance of the results is doubtful.] Janet Vaughan. 


Comparison of the Effects of Massive Blood Transfusions 
and of Liver Extract in Pernicious Anemia. Davidson, 
C. S., Murphy, J. C., Watson, R. J., and Castle, 
W. B. (1946). J. c/in. Invest., 25, 858. 

Five patients with Addisonian pernicious anaemia 
were given rapidly repeated blood transfusions until the 
erythrocyte counts and haemoglobin values in three were 
within normal limits. The symptoms attributable to the 
diminished oxygen-carrying capacity of the blood were 
relieved, but not such complaints as anorexia, apathy, 
and other digestive disturbances; these disappeared 
with liver extract. This sequence is typical of the 
nutritional deficiency disorders and indicates that blood 
transfusion does not relieve the fundamental defect in 
pernicious anaemia. 

Injection of liver extract into the patients with normal 
blood counts following transfusion failed to cause any 
reticulocytosis, thus showing that this phenomenon 
occurs only when the stimulus of anoxia is c.xerted on 
the bone marrow. After transfusion but before the 
administration of liver the “bone marrow megaloblasts 
characteristic of pernicious anaemia” disappeared. The 
authors believe that a “maturation arrest” due to 
nutritional deficiency exists in pernicious anaemia. That 
haemolysis may be a factor of importance in the causation 
of anaemia they do not, however, attempt to deny. 

[From the context it seems probable that the authors 
mean by the word “megaloblast” the most primitive 
nucleated red blood cell and not a scries of abnormal 
elements. It is in this latter sense that most hacmato- 
logists now employ the term, and as it is customary to 
regard the bone marrow in pernicious anaemia as 
dysplastic, the “maturation arrest” hypothesis becomes 
untenable.] R. Bod/ey Scott. 


Studies in Iron Transportation and Metabolism. V. 
Utilisation of Intravenously Injected Radioactive Iron 
for Hemoglobin S.vnthesis, and an Evaluation of the 
Radioactive Iron Method for Studying Iron Absorption. 
Dun xcH, R.. Moore, C. V., and Minnich, V. (1946). 
J. Lab. c/in. Med., 31, 1201, 

The authors have studied by Hahn’s technique the 
rate at which small doses of radioactive iron injected 
intravenously arc used for haemoglobin synthesis. In 
healthy adult men utilization is almost complete 75 days 
after injection ; normal dogs, however, used only 35 to 
70% of the injected isotope. In iron-deficient patients 
and dogs there was complete utilization in 5 to 6 days. 
In hypoplastic anaemia less than 4% of the injected 
isotope was used; in pernicious anaemia in relapse 
utilization was insignificant until red-cell formation 
became active as a result of giving liver: it w.ts then 
greatly accelerated and eventually became complete. In 


haemolytic anaemia the percentage of an injeeted dose 
of radioactive iron in the peripheral blood varied greatly 
from time to time. 

The authors seek to explain some of these results on 
the hypothesis that iron recently stored, whether derived 
from absorption from the alimentary tract, from in- 
jection, or from breakdown of haemoglobin, is retained 
in a form mobilized more easily than iron which has been 
stored for longer periods. It is thus used .selectively for 
current needs. They point out that as radioactive iron 
is not used completely for haemoglobin synthesis it is 
unsafe to use as a measure of absorption the proportion 
of an oral dose appearing in the blood, as has been done 
in the past. R. Bod/ey Scott. 


Chemical, Clinical and Ininninological Studies on the 
Products of Human Plasma Fractionation. XXXII and 
XXXni. The Coagulation Defect in Hemophilia. An 
in Vitro and in IB'i'o Comparison of Normal and 
Hemophilic Il'holc Blood, Plasma and Derived Plasma 
Protein Fractions. Lewis, J. H., Davtd.son, C. S., 
Minot, G. R., Soulier, J. P., Tagnon, H.- J., and 
Taylor, F. H. L. (1946). J. c/in. Invest.. 25, 870, 876. 

The ability of nomial plasma to accelerate the coagu- 
lation of hacmophilic blood has long been recognized. 
This eflcct has been shown to be unrelated to any of the 
formed elements of the blood. This paper records the 
fractionation of hacmophilic plasma by the Physical 
Chcmistiy Department of the Harvard Medical School 
and subsequent testing of the fractions for anti-haemo- 
philic activity in comparison with those of normail plasma. 
Both plasmas were similar in detectable protein content, 
Tisclius diagrams, and fibrinogen and prothrombin 
content. Normal plasma and normal fractions 1, II, III, 
and D'-l contain a substance capable of accelerating 
clotting of hacmophilic blood. This substance is absent 
from hacmophilic plasma and its fractions. The frac- 
tions mentioned contain most of the globulins and the 
fibrinogen. 

Further efforts (article XXXIII, p. 876) have been 
made to determine the protein fractions of normal plasma 
which have the power of accelerating tlte clotting of 
haemophilic blood. After removal of fibrinogen from 
Fraction I by heat, the residual solution retains un- 
diminished its anti-haemophilic power. 

R. Bod/ey Scott. 


MORBID ANATOMY AND HISTOLOGY 

The Evolution of Adenomas of the Large Intestine and 
(heir Relation to Carcinoma. Helwig, E. B. (1947). 
Surg. Gyncc. 0/)stct., 84, 36. 

A careful study at 1,460 consecutive necropsies dis- 
closed that in 139 (9.5%) adenomata were present in the 
colon or rectum. In SO cases the tumour was single, 
in 59 multiple. There was a steady increase in the 
incidence after the age of 30, the incidence reaching a 
maximum in the eighth decade, when 25.8% of the males 
and 20.5% of the females were affected. The author 
found that he could not classify the tumours on their 
macroscopical or microscopical appearances. There 
was no recognizable difference from the adenomata of 
familial adenomatosis coli. Different cross-sections of 
the same tumour showed varying microscopical appear- 
ances. The tumours were prone to trauma and infec- 
tion, inflammation, ulcers, small abscesses, and hacmato- 
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mata, haemosiderin being found in them at times. 
Evidence of previous or present colitis was found in only 
one case in association with an adenoma, and so the 
author considers colitis an unlikely exciting agent and 
believes the tumours to be true neoplasms. 

It was noted that adenoma^ was commonest in the 
sigmoid colon, as was carcinoma. Early carcinomatous 
change w'as found in 10 of the 139 adenomata. This 
mi^t occur in any part of the tumour — stalk, base, or 
periphery. In one case 2, and in another 3, adenomata 
showed early carcinomatous degeneration. Three of the 
10 also had manifest carcinoma associated with the 
malignant adenoma. In the 1,460 necropsies 20 manifest 
or obvious carcinomata of the colon were found, and 13 
of these had either benign adenoma or adenoma with 
malignant transition associated with them. Two cases in 
which a very early carcinoma appeared to be arising from 
the mucous membrane were also seen, both of which 
were unassociated with either adenoma or manifest 
carcinoma elsewhere in the colon. Thus a significant 
association between adenoma and carcinoma is shown, 
and the conclusion is drawn that, while some carcino- 
mata arise directly from the mucous membrane, the 
majority arise in adenomata. 

[This valuable article would repay study in the 
original.] .V. Tanner. 

Some Experiences with Bone Tumours. BitAiLSFORD, 
J. F. (1947). Brit. J. Radiol., 20, 129. 

The author describes fully, with illustrations, a series of 
cases of bone lesions culled largely from his own observa- 
tions. He describes a bone tumour in a young girl which, 
though radiologically diagnosed as a sarcoma, proved 
to be syphilitic. Here the onset 7 weeks after a blow at 
the site had suggested to the author the possibility of an 
infective lesion and caused him to advise against amputa- 
tion. Another sarcoma-like tumour in the humerus of a 
child was accompanied by an apparently typical secon- 
daiycdeposit in the lungs. This precluded surgery, and 
sulphathiazole administration was advised. In 2 years, 
restitution of the bone to normal was complete and the 
“secondaries" had vanished. The author suggests 
that this may hav'e been a manifestation of reticulo- 
endotheliosis. A case of sarcoma in the femur of a 
young man showed seemingly good response to radio- 
therapy, but there was local recurrence within a year, and 
later, after amputation, skeletal metastasis. The author 
suggests that surgeiy-, to be successful, should follow 
closely on radiotherapy. A further case of bone dis- 
integration occurred at the lower end of the femur in a 
boy, aged 14, who was suffering from paralytic deformi- 
ties. This showed gradual spontaneous consolidation 
and recovery. The lesion is considered, for reasons based 
upon the radiological appearance, to have been probably 
a neurotrophic joint condition allied to Charcot’s 
disease. 

That biops>’ may prove misleading, and should not in 
the face of contrary radiological evidence be given too 
much weight, is the moral drawn from 2 further cases of 
sarcoma: biopsy material was reported to be inflamma- 
tory, but both cases developed secondary deposits. Two 
cases of osteoclastoma are described. The author states 
that radiotherapy may cure, but immobilization in plaster 
during tl^e active stages is important. The first patient 
did well. The second was poorly immobilized, did not 
respond to treatment, and had cvpntually to undergo 
amputation for secondary haemorrhage. The patient is 
now otherwise well. Failure to give due weight to the 


radiograph by the surgeon in the case of a man of 58 with 
a swelling at the knee-joint resulted in amputation. The 
lesion proved to be a Baker’s cj’st. The radiograph 
showed tvpical osteo-arthritic changes only. The rapid 
onset of secondaries after diagnosis of a bone sarcoma in 
another case described suggests the hopelessness of 
surgical intervention, but against this is quoted Speed’s 
case in which, after amputation of a sarcoma, secondaries 
in the lung became shrunken and hard in outline, and 
remained unchanged 10 years later. 

The author concludes that clinical and radiological 
evidence must 'be carefully correlated, that biopsy may 
be misleading, and that too hasty recourse to surgery 
may be ill-a'dvised. He makes a plea for more emphasis 
on clinical radiology and less upon physics during the 
training of students. A. M. Rackow. 

Tumors of the Testis. A Report on 922 Cases. Fried- 
man, N. B., and Moore, R. A. (1946). Mil. Surg., 99, 
573. 

The authors report their study of 922 cases of testicular 
tumours collected at the Army Institute of Pathology 
(U.S.A,) between October, 1940, and May, 1946. Most 
of these occurred in men of military age, 18 to 38 years, 
although men up to 50 years of age were also included. 
The distribution of the tumours was : 35% seminomata. 
35% teratocarcinomata (mali^ant teratoma), 19% 
embryonal carcinomata (including chorionic carcino- 
mata), 4% adult teratomata, and 3% miscellaneous 
tumours. The incidence (corrected for army popula- 
tion in each age group) of teratocarcinoma was practi- 
cally constant throughout the age groups, being appro.xi- 
mately 1 per I00,(X)0 men, whereas the incidence of 
seminoma rose with age. Structurally the most homo- 
geneous tumours were the seminomata, although a small 
number of cases showed anaplasia and were diflicult to 
differentiate from embryonal carcinoma. The authors 
believe that seminoma does not arise from spermatogonia 
but from primordial germ cells; they suggest that this 
tumour should be called “germinoma.” ~ It is empha- 
sized that seminomata differ both structurally and 
biolo^’cally from embryonal cara'nomata. The common 
varieties of the latter tv-pe of tumour are those which 
show glandular and papillaiy- structures (adenocarcinoma 
and papillary adenocarcinoma), and those which 
resemble trophoblastic elements, usually cytotropho- 
blastic and occasionally sv-ncv’tiotrophoblastic com- 
ponents of chorionic carcinomata. 

Chorionic carcinoma (chorion-epithelioma) is regarded 
as a variety of embryonal carcinoma rather than a 
separate entity, because chorionic structures were 
observed also in predominantly embryonal carcinomata 
and because cvaiaecomastia and related endocrine 
changes were associated as often with embryonal car- 
cinomata (or teratocarcinomata) as with ” chorionic 
carcinomata. Under the term teratocarcinoma the 
authors include all tumours which contain differentiated 
teratoid structures and foci of histologically malignant 
growth. Most of such tumours examined were mixtures 
of teratoma, embryonal carcinoma, and or chorionic 
carcinoma. Teratocarcinoma is thought to result from 
the teratoid differentiation of embryonal carcinoma. 
Feratomata without histologically malignant elements 
should not be termed benign, because thej- often produce 
metastascs. The metastases of seminomata consisted 
usually of the same tvpe of cell as the primary growth, 
but occasionally the metastases showed the c’narac- 
teristics of embryonal carrinoma or tcratocarcino.ma. 
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The metastases of embryonal carcinomata were likewise 
similar to the primary growth, but in some cases the 
metastases had the structure of chorionic carcinoma, 
although there was no evidence of this in the primary 
growth. With teratocarcinomata 40% of the metastases 
consisted of embryonal or chorionic carcinoma and 60% 
of teratoid structures. The immediate prognosis is bad 
in embryonal and chorionic carcinomata and poor in 
teratocarcinomata and adult teratomata. In semino- 
mata, in comparison with tlie other tumours of the 
testis, the immediate prognosis is good.^ Popjdk. 

Microscopic Renal Calculi. Anderson, L. (1946). Proc. 

Mayo din., 21, 326. 

Following up the work of Randall, who in 1941 
described the finding of small macroscopic calcareous 
deposits on the surface of the renal pyramid in 20% of 
1,100 pairs of kidneys, the author investigated micro- 
scopic calcareous deposits in the substance of the renal 
papilla. The diameter of these deposits is at least five 
or six times that of a normal tubular cell. He found 
them in all of 170 kidneys examined. Some of these 
organs were apparently healthy and some were diseased; 
ail were removed from bodies more than 9 years of age 
at the time of death. Discussion of these findings 
concerns the possibility that these microscopic deposits 
may form the nidus for the formation of Randall’s 
plaques, and so perhaps for renal calculi in certain 
circumstances. Geoffrey Evans. 

The Cylologj' of Conjunctival E.xudates. Thvgeson, P. 

(1946). Anier. J. Ophtlial., 29, 1499. 

A study of the cytology of conjunctival scrapings, 
exudates, and follicular expressions may, in combination 
with the bacteriological report, be of great assistance in 
making a correct diagnosis in cases of conjunctival 
disease. The staining method recommended is by 
Giemsa, 1 drop of stock solution in 1 ml. of distilled 
water, applied for 1 hour after fixing in absolute methyl 
alcohol. Excess stain is removed by washing in two 
changes of 95% alcohol. A polymorphonuclear leuco- 
cyte reaction is found in most cases of acute and chronic 
conjunctivitis, the outstanding exception being diplo- 
bacillary infection. An eosinophil reaction is character- 
istic of all allergic inflammation and is found in hay- 
fever conjunctivitis and in various drug cosmetic allergies 
as well as in spring catarrh. Mild eosinophilia is found 
in ocularpemphigusbutnotinphlyctenularconjunctivitis. 
There is also a basophil reaction in allergic inflammations 
of the conjunctiva, parallel with the eosinophilia, but this 
is not specific because it may also occur in such non- 
allergic inflammations as trachoma. Mononuclear cells, 
chiefly' lymphocytes, are found in exudates from epidemic 
kerato-conjunctivitis and acute follicular conjunctivitis. 

' There is a similar reaction to the typical virus infection, 
such as that due to herpes or molluscum contagiosum. 
- Plasma cells are found in the exudates of trachoma. 
Kcratinization of epithelial cells is found in vitamin A 
deficiency and also in kerato-conjunctivitis sicca. The 
author is unable to confirm previous observations that 
trachoma can be diagnosed from conjunctival cytology 


at an early stage, but states that the cytology of expressed 
trachoma follicles is characteristic. The predominant 
cell is the lymphoblast, which shows degenerative changes, 
and there are many macrophages (Leber cells). This 
typical appearance is due to the necrotizing action of 
trachoma to.xins. .• A. G.. Cross. 

Anatomical and Histological Lesions of the Liver in 
E.xperinicntal Thyro.vine Poisoning and in H)T)er- 
tliyroidism. (Lcs lesions anatomiques ct histologiqucs 
du foie dans I’intoxication thyroxinienne cxp6rimcntale 
et dans riiyperthyroidismc.) Guye, P., and Rirn.s- 
HAUSCR, E. (1947). Ann. Anal. path, mecl.-chir., 17, 1. 

This wcll-documcntcd paper records experiments made 
on rabbits and post-mortem observations on 28 cases of 
human thyrotoxicosis. Histologically there is a basic 
similarity. In the severe cases there is generalized 
atrophy of the hepatic parenchyma with gross cyto- 
plasmic deprivation (glycogcnolysis) ; in the more 
extreme cases there is also necrosis, generally central and 
most obvious in the subcapsular zone. Intoxication of 
low intensity and short duration produces lesser paren- 
chymatous lesions of reversible degree. If of longer 
duration, or repealed, the intoxication is followed by 
fibrosis, both primary (portal in situation) and secondary 
(in relation to the necrosis). A. C. Lendrinn. 

HIstopathology of Polioencephalitis Hemorrhagica Sup- 
erior (^^■crnickc’s Disease), Bailey, F. W. (1946). 
Arch. Neurol. Psychiat., Chicago, 56, 609. 

Five fatal cases of Wernicke’s encephalopathy were 
studied histologically. All the subjects were said to 
have been chronic alcoholics, though there is no reference 
to the amount of alcohol, its nature (except in one case), 
or the duration of alcoholism. Ntikcd-eye examination 
of the brain showed cortical atrophy in 4 of the cases 
and small haemorrhage in the brain-stem in 2. Micro- 
scopical examination revealed histological ch^igcs 
confined largely though not entirely to the periventricular 
grey matter of the midbrain and pons — throughout the 
hypothalarnus, mammillary bodies, medial aspect of the 
thalariius, inferior colliculi, and to some extent in the 
floor of the fourth ventricle. In the affected areas the 
capillaries showed proliferation of endothelial cells and 
the perivascular spaces were enlarged. There were areas 
of old and fresh haemorrhages, perivascular and of 
different sizes. Foeal areas of parenclijonal necrosis 
varied from one- to several millimetres in diameter. 
Within the areas of haemorrhage and necrosis, focal 
neuronal degeneration was present in all cases. In the 
affected areas ’ astrocytes showed proliferation and 
degeneration, and to some extent transformation. 
Oligodendroglia was swollen, with multiplication of cells. 
It is considered that underlying the histological changes 
there is a deficiency of nutritional factors, the chief of 
which is thiamine. It is considered that thiamine lack 
interferes with carbohydrate metabolism, with resulting 
anoxia of the tissues. 

[This is an interesting study. Although the biochemical 
explanation may be correct, no suggestions are offered 
as to why these changes have such a strictly circum- 
scribed distribution.] P/ng/i Garland. 
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Ten years ago physiologists still taught that the 
iron metabolism of the body was regulated by a 
'balance between absorption from the stomach 
and small intestine and excretion by the colon. 
•McCance and Widdowson (1937a) first challenged 
this theory, arguing from facts already known that 
there was no evidence of excretion of iron by the 
body except in very small amounts, and that there- 
fore the iron balance must be maintained by a 
regulation of iron absorption. In confirmation 
of this view McCance and Widdowson (1938) 
showed that when normal subjects were given iron 
by mouth they excreted an equal amount in the 
faeces, whereas when iron was given by intra- 
venous injection the whole was retained and none 
excreted. The logic of this hypothesis compelled 
its immediate acceptance; but it could not be 
finally proved until a dose of iron could be 
“ tagged ” by the radio-active element so that its 
whole course through the body could be followed. 

The principles of experiments with radio-active 
elements are now familiar. A minute proportion 
of the atoms is made radio-active by artificial 
means. The whereabouts and number of such 
atoms can be traced by measuring their radio- 
activity, so that they can be used to “ tag ” a much 
greater number of normal atoms, from which they 
do not differ either chemically or biologically. 
Radio-active iron is unfortunately one of the more 
difficult elements to work with, for its radiation is 
very soft and is readily absorbed by other metals. 
The radio-active iron must therefore be isolated in 
a very pure state before it can be measured, and 
even the metallic iron must be in a verj’ thin laj'er 
to avoid errors from self-absorption of radiation. 

Physiological Experiments with Radio-active Iron 

Radio-active iron appears in the plasma soon 
after it is fed to a dog and reaches its maximum 
concentration in four to eight hours. It is, how- 
ever, quickly taken up by the storage depots, and 
after a few hours none can be detected in the 
plasma (Hahn and others, 1939). The iron in the 

E 


storage depots is very mobile, for radio-acti%’e iron 
can be detected in the red cells within four hours 
of its administration by mouth. The amount of 
radio-active iron in the circulating red cells there- 
after increases progressively to a maximum which 
is reached in four to seven days in anaemic dogs 
(Hahn and others, 1940). The level subsequently 
remains constant. It can therefore be presumed 
that all the radio-active iron absorbed has been 
used in haemoglobin formation, and that none 
remains in the storage depots. 

Much work with radio-active iron has been 
based on this assumption that iron utilization is 
a measure of absorption. The suppositipn is 
certainly justified when there is iron-deficiency 
anaemia, in that Dubach and others (1946) have 
shown that even injected radio-active iron is com- 
pletely utilized in six to nine days by dogs and 
men in this condition. In normal animals, how- 
ever, there is a greater probability that some radio- 
active iron absorbed from the intestine may be 
diverted to storage depots and not appear in the 
circulating red cells during the course of the ex- 
periment. but it is unlikely that errors from this 
source have been great enough to invalidate the 
major conclusions from the experiments to be 
described below. 

Iron Absorption 

Iron is absorbed only in the stomach and small 
intestine, and not at all in the colon. When a dog 
is given radio-active iron by mouth the highest 
plasma level is reached in four to eight hours, and 
since this is the time when the meal is in the small 
intestine it is here that the maximum absorption 
lakes place. After eighteen to twenty-four hours, 
when the whole meal has passed into the colon, no 
further absorption of radio-active iron occurs 
(Hahn and others, 1939a). It has also been shown 
that radio-active iron is absorbed into the blood 
stream from gastric, duodenal, and jejunal pouches 
in the dog (Hahn and others, 1943). 

. A man's daily loss of iron from the body is of 
the order of only ] mg., so there must evidently 
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be some selective control of iron absorption — 
otherwise haemochromatosis would be a common 
complication of old age. The gap between an 
adequate supply and a deficiency of iron is, how- 
ever, very narrow, and many factors may inhibit 
the absorption of iron which the body needs to 
maintain the haemoglobin level. 

Tlic control of iron absorption. — The body 
absorbs iron according to its needs, in health only 
enough to replace the small daily loss, but in iron 
deficiency as much as is offered and physiologically 
available. It is a common experience that a patient 
being treated for iron-deficiency anaemia may re- 
generate haemoglobin at a rate which demands 
the absorption of 50 mg. of iron a day, whereas 
McCance and Widdowson (1938) showed that 
when extra iron is given to a normal individual he 
excretes it all in his faeces. Hahn and others 
(1940) showed very clearly the difference in radio- 
active iron absorption by normal and anaemic 
dogs. Whereas a noimal dog would absorb only 
very little of a test-dose given by mouth, and a 
plethoric dog would absorb practically none, dogs 
suffering from chronic iron-deficiency anaemia 
might utilize more than half of a small test-dose 
for haemoglobin production. 

However, the degree of iron absorption is not 
determined by the haemoglobin level per se. Thus 
the intestinal iron absorption of a normal dog is 
not immediately increased if it is made suddenly 
anaemic by bleeding, but after a week, when the 
iron reserves are depleted by haematopoiesis, a 
test-dose of radio-active iron is vigorously 
absorbed. Nor will prolonged anoxia increase 
iron absorption. 

Studies in man have given very similar results 
(Balfour and others, 1942). Normal individuals 
absorb very little of a test-dose of radio-active iron 
given by mouth, but absorption is ten times as 
great in patients with chronic iron-deficiency 
anaemia. In polycythaemia, on the other hand, 
only a trace of radio-active iron is absorbed, in 
spite of the excessive formation of red cells and 
haemoglobin. 

Pregnant women, whether they are anaemic or 
not, absorb between two and ten times as much 
of a test-dose of radio-active iron as do normal 
individuals (Balfour and others, 1942). Here the 
degree of iron absorption evidently depends upon 
the demands of the foetus rather than upon any 
state of anaemia in the mother. 

The iron-absorbing powers of the intestine are 
readily exhausted. Thus a dose of an iron salt 
given by mouth will diminish the absorption of 
radio-active iron administered one or two hours 


later. The inhibition is not due to the elevation 
of the plasma iron level by the first dose, for an 
intravenous injection of iron does not reduce the 
absorption of radio-active iron given by mouth 
(Hahn and others, 1943). 

Hahn has explained the above facts by postu- 
lating that the cells of the intestinal mucosa 
contain a protein receptor which can receive iron 
ions from the intestinal contents and yield them 
to the plasma. Thus the absorption of iron from 
the intestine depends on the presence of free places 
in the receptor, and the rate of removal of iron 
from the intestinal cells into the blood is deter- 
mined by the level of the plasma iron and its 
equilibrium with the tissue reserves. The reverse 
process, a transfer of iron from the plasma to the 
intestinal cells, is not possible because the plasma 
iron is attached to a plasma protein, probably 
globulin, and cannot be yielded to the intestinal 
receptor. The intestinal mucosa is very readily 
saturated with iron — within two hours if enough 
iron is available in tlic food — but desaturation into 
the plasma is not complete for some days 
Granick (1946) has recently brought forward 
evidence that the iron receptor in the intestinal 
mucosa is apoferritin, the protein which binds the 
greater part of the tissue-storage iron (ride infra). ^ 
Iron combines with apoferritin to form ferritin,' 
and the amount of this, compound in the intestinal 
mucosa increases after feeding with iron, and falls 
again after several days. There is evidently some 
local mechanism for the formation or accumula- 
tion of apoferritin in the intestinal mucosa, for the 
total amount of ferritin -f apoferritin increases in 
response to iron feeding. ' 

Very little radio-active iron appears in the red 
cells of patients with pernicious anaemia when 
they are given a “ tagged ” iron salt by mouth. 
This finding has been interpreted as meaning that 
the patients, in spite of their severe anaemia, 
absorb no more iron than do normal people be- 
cause their iron stores are not depleted. Dubach 
and others (1946),' however, have cogently argued 
another interpretation. They point out that the 
blood-level of radio-active iron after a week or so 
measures only the iron utilized in haemoglobin 
synthesis, and that much more iron might have 
been absorbed and stored unused. They have in 
fact shown this to be the case in a man who had 
pernicious anaemia without any iron deficiency. 
In this patient only about 1 per cent of a test- 
dose of 57 mg. of radio-active iron appeared in 
the circulating haemoglobin until liver treatment 
was started nine days later. Then, as the haemo- 
globin level rose the proportion of the test-dose 
of radio-active iron in the blood likewise increased 
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until more than 20 per cent of the administered 
dose was found in the circulating haemoglobin. 
Thus the initial low level of circulating radio-active 
iron was a sign not of small absorption but of de- 
ficient haemoglobin Synthesis and iron utilization. 
Dubach and others (1946) have made similar 
criticisms of the common statement that iron ab- 
sorption is not increased in haemolytic anaemias. 

The theory that iron metabolism is regulated by 
selective absorption from the stomach and intes- 
tine and not by excretion will doubtless demand 
many similar modifications in detail, but its basic 
truth still rests on the experiments and reasoning 
of McCance and Widdowson (1937a, b, 1938, 
1943). 

Iron valencj' and absorption. — It is the univer- 
versal experience of clinicians that in the treat- 
ment of iron-deficiency anaemia ferrous salts are 
effective in about half the dose of ferric salts. 
Table I (from Witts, 1936) shows the iron content 
of the average daily doses of ferrous and ferric 

TABLE I 

reON CONTENT AND UTILIZATION OF THE AVERAGE 
EFFECTIVE DOSE OF VARIOUS THERAPEUTIC PREPARATIONS 

(wrrrs, 193Q 


Preparation ' 

Iron content 
of average dose 

Per cent 
utilization 

Ferrous chloride . . 

i 100-200 mg. 

12.5-25 

Ferrous sulphate . . 

180 mg. 

14 

Ferrous carbonate 
(Blaud’s pill) 

300-400 mg. 

1 

6-8 

Ferric chloride 

400 mg. 

6 

Ferric citrate 

400 mg. 

6 

Iron and ammonium 
citrate 

800-1,600 mg. 

1.5-3 


salts necessary to raise the total blood iron by 
24 mg. per day, equivalent to a haemoglobin 
increase of about 0.14 g. per 100 ml. It is evident 
that ferrous salts are absorbed and utilized at least 
twice as efficiently as ferric salts. 

Moore and others (1939) showed that serum iron 
absorption curves after the administration of iron 
salts were higher with ferrous than with ferric salts. 
The difference has been more accurately demon- 
strated by giving the_ same subjects successive 
doses of radio-active ferrous and ferric salts. 
Table II summarizes some of the e.xperiments of 
Moore and others (1944). Normal men utilized 
1.5 to 10 times as much ferrous as ferric salt, and 
in hypochromic anaemia the ratio uas 2 to 15. 
Likewise Hahn and others (1945) showed that 


patients with hypochromic anaemia utilized 2 to 
6 times as much ferrous as ferric salt when given 
successive test-doses of radio-active iron. Iron 
utilization can be taken as a measure of iron ab- 
sorption in iron-deficient subjects if not in normal 
individuals, so that the superior absorption of 
ferrous ions is clearly demonstrated. 

TABLE n 

UTILIZATION OF FERROUS AND FERRIC RADIO-ACTIVE IRON 
SALTS BY NORMAL MEN ANT> IN HYPOCHRO.snC ANAEMIA 
(MOORE AND OTHERS, 1944) 


Form 
of iron 

Dose 

given 

^ Normal men 

Hypochromic 

anaemia 

No. of 
cases ' 

1 

Per cent 
j utilization' 

No. of 
cases 

Per cent 
utilization 

Ferrous 

4 mg. 

4 

7 

2 

12.5 

Ferric 

4 mg. 

4 

1 

2 

4 

Ferrous 

2 mg. 

3 

1 

2 

27.5 

Ferric | 

2 mg. 

3 

1 2 

' 1 

2 

4 

Ferrous j 

1 mg. 

2 I 

9 

1 

1 39.5 

Ferric 

1 mg. 1 

2 1 

I.S 

1 

i 


The same rule does not apply to all animals. 
Thus rats absorb ferric salts as well as ferrous 
(Austoni and Greenberg, 1940), as do many dogs, 
although the majority of both normal dogs (Moore 
and others, 1944) and anaerm'c dogs (Hahn and 
others, 1945) absorb a greater proportion of bi- 
valent radio-active iron salts. 

Moore and others (1944) offered three explana- 
tions for the superior absorption of ferrous salts. 
It is possible that only ferrous salts are capable 
of absorption, or that ferrous salts are much more 
readily absorbed than ferric, or that the ferric 
ions more readily form insoluble compounds in 
the intestine. 

Relation of dosage to iron absorption.: — Clinical 
experience has showD that the response of iron 
deficiency anaemia to medication depends upon 
the dose of iron given, and that there is often 
a minimum “ threshold ” dose below which treat- 
ment is ineffective. It is not clear to what extent 
this varying response depends upon the proportion 
of iron absorbed from the intestine, and to what 
extent upon iron utilization for haemoglobin 
synthesis. Most experiments with radio-active 
iron have shown that the higher the test-dose the 
less is the proportion which appears in the red 
cells, even though the total utilization may increase 
(see, for example. Table II). This has commonly 
been taken to mean that the proportion of iron 
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absorbed decreases with increasing dose, but it 
may be rather that with a larger dose a less amount 
of the iron absorbed is utilized. Brock and Hunter 
(1937), for example, showed by balance experi- 
ments that when large doses of iron were adminis- 
tered by mouth, twice as much iron might be 
retained in the body as was utilized for haemo- 
globin synthesis. 

Dietary sources of iron. — It is easy to estimate 
the total iron content of a foodstuff or diet, but 
it is not usually possible to say what proportion of 
the iron is potentially available for haemoglobin 
synthesis. It is now known that only ionic iron 
can be absorbed from the intestine, but there is 
no rule for determining how much of the food 
iron can be freed in the ionic state by digestion. 
Iron also very readily forms insoluble compounds 
with various constituents of the diet, especially in 
a medium which is not strongly acid. 

It has been amply demonstrated by both clinical 
and experimental studies that ionic iron is readily 
absorbed by the stomach and small intestine, but 
there is no evidence that any pre-formed iron 
compound can be absorbed as such and used for 
haemoglobin synthesis. The dietary iron is ii*i two 
forms — inorganic, which readily passes into solu- 
tion, and organic, chiefly porphyrin compounds 
which must be broken down before ionic iron is 
liberated. The relative proportions of the two can 
be distinguished by the a-dipyridyl reaction for 
ionizable iron, and at one time many estimates 
'Were made of the “ availability ” of iron in food 
by this reaction. Such estimates, however, bear 
only a very rough relation to the truly physio- 
logical availability of dietary iron. Both ferrous 
and ferric chloride, for example, are “ 100 per cent 
available” according to the a-dipyridyl reaction 
but neither is completely absorbed from the intes- 
tine even in severe iron-deficiency anaemia, and at 
least twice as much of the ferrous as of the ferric 
salt is assimilated. 

Some of the “ non-available ” food iron which 
is not estimated by the a-dipyridyl reaction may 
also be broken down and absorbed. Thus Black 
and Powell (1942) found that 10 to 20 per cent of 
haemoglobin iron was absorbed when a litre of 
citrated blood was given by duodenal tube. They 
considered bacterial decomposition in the intestine 
to be important in making this iron available. 

The chemical nature of iron compounds in food- 
stuffs is, however, probably less important for their 
absorption than other even less easily defined 
factors. Conditions in the small intestine, except ■ 
in its upper part, are verj' unfavourable to the 
absorption of iron. Iron salts are scarcely 


dissociated in solution at a pH above 5.0, so that 
few ferrous, and even fewer ferric, ions -are 
available for absorption except in distinctly acid 
medium. It is not surprising, therefore, that iron- 
deficiency anaemia is commonly associated with 
gastric achlorhydria. 

Iron phosphates are practically insoluble, and 
the ratio of phosphorus to iron in ordinary diets 
often exceeds 50, so that there is abundant oppor- 
tunity for the formation of iron phosphates in the 
intestine. Phosphates may inhibit iron absorption 
even when no precipitate is formed, for Brock and 
Taylor (1934) found that the dialysis of iron salts 
across cellophane membranes was greatly de- 
creased in the presence of neutral or alkaline 
phosphates. 

Iron forms undissociated compounds with a 
number of amino-acids and jphosphorus-contain- 
ing substances such as nucleic acid, and McCance 
and others (1943) have emphasized that an excess 
of phytic acid in the diet may lead to the deviation 
of much iron as insoluble phytate. 

An excess of calcium in the diets of animals 
usually inhibits iron absorption so that a mild 
iron-deficiency anaemia develops, but under some 
circumstances an excess of calcium favours iron 
absorption. Thus the excess phytic acid of whole- 
meal bread may be neutralized by calcium 
(McCance and others, 1943), and 'when the phos- 
phate content of the diet is high a high level of 
calcium diminishes the formation of insoluble iron 
phosphates. 

The vitamin content of a diet may have a direct 
influence on iron absorption. Ascorbic acid 
reduces ferric compounds to ferrous in vivo as 
well as in vitro, and thus facilitates absorption 
(Moore and others, 1939). Extra vitamin D in- 
creases haemoglobin formation and iron storage 
in young rats (Fuhr and Steenbock, 1943). 

It is evidently difficult to decide whether a given 
diet will supply enough iron to maintain the 
haemoglobin level, and in practice the question is 
decided by experience rather than by any scientific 
knowledge of the physiological availability of iron 
in various foods. An ordinary mixed diet of the 
type eaten in England will provide enough iron 
for a normal man if its total iron content exceeds 
5 mg. daily, and a total of 15 mg. daily will suffice 
a normal woman or growing child. The average 
English diet to-day probably gives 15-20 mg. of 
iron daily, an amount which in theory is rather 
more than adequate for women and children, and 
generous for men. The margin for women is 
small, however, and it requires relatively little 
disturbance of iron absorption from such causes as 
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gastric achlorhydria, or relatively little increased 
Fron loss from menorrhagia or frequent child- 
bearing, to produce an iron deficiency. 

The value of foodstuffs as iron sources is 
similarly a matter of empirical rather than 
scientific knowledge. Liver, eggs, dried fruits, 
chocolate, sardines, and green vegetables are all 
good sources, but nowadays are not freely a%'ail- 
able. Oatmeal, peas, beans, and whole-meal bread 
are also good sources, but white bread contains 
less than one-third of the original iron of the 
grain. Such staple foods as meat, fish, chicken, 
milk products, and beer are relatively poor iron 
sources. 

Iron Transport 

The plasma is the chief medium for the transport 
of-iron, which is carried firmly bound to a plasma 
protein, probably globulin. It is, however, un- 
certain whether iron for haemoglobin synthesis is 
thus carried to the bone marrow as ferric ions, or 
as some pre-formed compound. 

Iron is absorbed chiefly, and perhaps entirely, as 
ferrous ibns, but the oxygen tension of the plasma 
is sufficient for the immediate conversion of the 
ions to the ferric state. The plasma iron is 
probably bound to the serum globulin as a ferric 
hydroxide complex. 

Powell (1944) found the mean plasma iron of 
normal men to be 143 y (S = 24 y), whereas the 
level in women vvas significantly lower, with a 
mean of 117 y (S=27 y). There was a significant 
reduction in the plasma iron of women during 
menstruation. 

The plasma iron rises sharply during the absorp- 
tion of a dose of iron from the intestine. The 
height of the increase depends upon the rate of 
deposition of iron in the tissues as well as upon 
the rate and amount of intestinal absorption, but 
plasma iron curves can be used to demonstrate 
whether iron is in fact being absorbed, and to 
obtain a rough idea of the relative absorption of 
different compounds. Moore and others (1939) 

■ have shown that the rise in the iron content of 

• the plasma during 'absorption is not preceded by 

■ an increase in the iron content of the thoracic 

• duct lymph, so that iron must pass directly from 
- the intestinal mucosa into the blood stream. 

^ The plasma iron is reduced below normal in 
? patients with iron deficiency, and also during 

c periods of active • erj'thropoiesis such as occur 
^ after acute haemorrhage or during the cure of 
pernicious anaemia. Conversely, the plasma iron 
t is usually high when erythropoiesis is depressed, as 
i- in untreated pernicious anaemia or hypoplastic 
i anaemia. The level is very variable in haemclj-tic 


anaemias, depending upon the balance between 
red cell destruction and haemoglobin synthesis. 

Easily split-off iron.— .About 5 per cent of the 
blood iron can be eas'ily dissolved by digestion 
with decinormal hydrochloric acid, and it was 
believed until recently that this “easily split-off 
iron ” might be of importance in iron transport. 
Sixty to seventj' per cent of the easily detached 
iron is derived from the red blood cells, but if 
the haemoglob'm is converted into carboxyhaemo- 
globin this iron can no longer be removed by acid 
digestion. Legge an^ Lemberg (1941) have shown 
that this fraction is an artefact— when red blood 
cells are digested with acid, oxygen is liberated 
from its combination with haemoglobin and 
oxidizes a variable amount of the corpuscular 
haemoglobin into open-ring compounds similar to 
the iron-containing bile pigments, from which iron 
is easDy removed by acid digestion. The re- 
mainder of the easily detached iron is derived from 
bile pigment-haemoglobin, blood catalase, and the 
plasma iron. 

Iron Storage 

It is evident from clinical obsers'ation that the 
body normally holds a considerable reserve of 
iron readily available for haemoglobin synthesis. 
A patient who, through acute haemorrhage, has 
lost a third or more of his circulating red cells 
may rapidly regain a normal haemoglobin level 
without any assistance from iron therapy, although 
the loss of 700 mg. or more of iron could scarcely 
be replaced from the diet within six months. We 
have little knowledge of the size of this available 
iron reserve. 'The greater part of the body iron is 
normally circulating as haemoglobin, and perhaps 
half of the balance is in the form of rayohaemo- 
globin and cell-enz>mes such as cv'tochrome. and 
is not available for haemoglobin synthesis. Table 
III shows Hahn's (1937) estimate of the iron 


TABLE nr 

PERCENTAGE DISTRIBUTION OF THE TOTAI. BODY IRON OF 
A NOR.\lAI. DOG (FROM THE DATA OF HAHN, 1937) 


Circulating 

iron 

A%*ailable 

reservies 

Non*a\'arIabIe 

Iron 

Blood haemo- 

Liver, spleen. 

Myohaemoglobin 

globin 57’'o 

and mar- 

-p/ 

• . o 

row 15% 

Parenchyma 


Elsewhere . . .5% 

iron 16%' 

(cell enzymes. 
etc.) 

Total 57^-; 

20% 

23% 
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distribution in a normal dog. On a similar basis 
a normal man would have an available iron reserve 
of about 850 mg., sufficient to replace about one- 
third of his circulating haemoglobin. 

The greater part of the iron reserve is in the 
liver, spleen, and bone marrow. Much of the iron 
in the marrow is present as haemoglobin in formed 
or immature red blood cells, whereas the reserve 
iron in other tissues is probably held in the 
reticulo-endothelial cells. 

Many attempts have been made to gain further 
knowledge of the iron reserves by injecting 
colloidal iron intravenously into animals, but it 
is at least possible that the animal treats iron in 
this form as a foreign particle rather than as a 
normal dissolved metabolite. 

The chemical form of the iron reserves is still 
not completely understood. Haemosiderin, which 
histologically is so prominent a produpt of red-cell 
destruction, is certainly not the major iron reser- 
voir. It is probably an intermediate stage or side 
product in the conversion of haemoglobin into 
bile pigment, but little is known of the chemical 
reactions involved. 

Ferritin. — Iron-storing tissues contain a protein, 
apoferritin, capable of combining witli as much as 
23 per cent of its weight of iron. The iron is firmly 
held to the surface of the apoferritin molecule as 
small micelles of ferric hydroxide-ferric phosphate 
to make a protein, ferritin, of variable iron content. 
Both ferritin and apoferritin can easily be crystal- 
lized as the cadmium salt, and minute quantities 
of either can be detected by a precipitin reaction 
with an anti-apoferritin serum. 

Studies with radio-active iron have shown that 
at least a part of iron which is injected is quickly 
converted into ferritin, and that when “ tagged " 
red cells are lysed the liberated iron can be de- 
tected in ferritin. It seems probable that ferritin 
functions as the most important, though not the 
only, store of iron readily available for haemo- 
globin synthesis. It may also be the intestinal iron 
receptor (vide supra). The chemical properties 
and functions of ferritin have been well reviewed 
by Granick (1946). 

Some of the earliest studies with radio-active 
iron showed that the iron liberated by destruction 
of effete red blood cells was immediately re-used 
for haemoglobin synthesis in preference to the 
reserve iron stores (Hahn and others, 1942 ; Cruz 
and others, 1942). Greenberg and Wintrobe 
(1946) have pointed out that when a small quantity 
• (about 5 mg.) of radio-active iron is injected into 
a normal individual, about 15 per cent of the dose 
is built into haemoglobin each day. If the injected 


iron merged with the whole available iron reserve 
the utilization should be only 2 to 3 per cent daily, 
whereas if it were used in proportion to the daily 
liberation of iron from effete red cells the daily 
utilization should be about 83 per cent. It there- 
fore appears that about one-quarter of the iron 
reserves form a “ labile iron pool ” used for 
normal haemoglobin synthesis. Dubach and 
others (1946) have also shown that injected iron, 
and presumably, therefore, iron from recently 
lysed red cells, is used for haemoglobin synthesis 
in preference to the iron reserves. 

Iron Excretion 

McCance and Widdowson (1937a, 1938) first 
demonstrated that iron excretion in man is too 
small to play any significant part in the control of 
iron metabolism. They pointed out (hat the 
faecal iron output varies with and nearly equals 
tlie food iron, and (hat when iron is injected 
practically none is excreted. In one dramatic 
experiment (McCance and Widdowson, 1937b) 
they treated a polycythacmic patient with acetyl- 
phenylhydrazine and reduced his haemoglobin 
level from 168 to 47 per cent Haldane. They 
calculated that over 6 g. of iron was liberated from 
the lysed red cells, yet less than 0.5 per cent of 
this amount was excreted. More recently (1943) 
the same authors transfused 28 pints of blood into 
a patient with haemolytie anaemia in a hundred 
days. All this blood was haemolysed, liberating 
about 80 mg. of iron a day, yet the total daily iron 
excretion (5.2 mg.) was slightly less than the dietary 
intake (5.6 mg. per day), so that none of the iron 
'freed by haemolysis can have been excreted. 

Hahn and others (1939b) followed the fate of 
radio-active iron injected as gluconate into dogs. 
The urinary excretion was negligible, apart from a 
" spill-over " immediately after the injection, and 
the faecal excretion was as small in plethoric as in 
anaemic dogs. Any considerable haemolysis of 
red cells inereased the faeeal iron excretion, and 
the authors received the impression that most of 
the iron thus excreted was derived from the bile. 

Biliary iron excretion. — Hawkins and Hahn 
(1944) have recently studied the biliary excretion 
of iron by establishing biliary fistulae in dogs. 
After determining the basal daily iron and bile 
pigment excretion they produced severe haemolysis 
witii acetyl-phenylhydrazine. The biliary iron and 
pigment excretion rose in parallel, sometimes as 
much as (enfold, so that it was reasonable to con- 
clude that the biliary iron, like the pigments, was 
derived from the breakdown of haemoglobin 
The iron was probably a part of the pigments, for 
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iron injected intravenously was not excreted in the 
bile. 

Hawkins and Hahn concluded from their ex- 
periments that about 3 per cent of the iron 
freed by haemolysis was excreted in the bile, and 
that the remainder was stored or re-used for 
haemoglobin synthesis. 

Urinary iron excretion. — The importance of the 
urinary iron excretion is still uncertain. The care- 
ful analyses of Barer and Fowler (1937) suggest 
that the normal daily excretion of iron in the urine 
of men is 0.4 mg. and in women 0.5 mg. — a sub- 
stantial proportion of the total daily loss. Other 
workers have regarded the urinary iron excretion 
as negligible, and derived from cell debris rather 
than from ionic transfer across the glomerular 
membrane. 

Daily Iron Requirements 

The minimum daily iron requirements are 
evidently equal to the total loss from the body by 
excretion in the bile and urine, desquamation of 
cells, and haemorrhage. The necessary dietary 
intake, in order to allow for unabsorbed iron, must 
of course exceed these physiological requirements, 
but a calculation of the latter provides a basis for 
comparing the needs of different classes of indi- 
viduals. 

Normal men. — ^An average man has 6 litres of 
blood with a haemoglobin content of 15.5 g. per 
100 ml., so that his total circulating haemoglobin 
is 930 g. If we take the average life of the red cell 
to be 120 days, the daily breakdown of haemo- 
globin is 930/120=7.75 g., containing 26 mg. of 
iron (1 g. of haemoglobin contains 3.34 mg. of 
iron). If we assume that man, like the dogs of 
Hawkins and Hahn (1944), excretes 3 per cent 
of the liberated iron in the bile, the daily loss by 
this route is 0.8 mg. Urinary iron excretion, 
according to Barer and Fowler (1937), amounts to 
0.4 mg. daily, giving a total iron e.\cretion of 
1.2 mg. per day (Table IV). 

TABLE 

DAILY IRON LOSSES OF NORMAL MEN ANTI WOMEN 


I 



Men i 

(mg.) 1 

Women 

(mg.) 

Biliary excretion . . 

0.8 1 

0.6 

Urinary excretion 

0.4 1 

0.5 

Menstruation . . . . 

1 

] 

1.0 

Total 

1.2 

2.1 


Normal women. — similar calculation can be 
made for normal women, but the iron loss of 
menstruation must be added. McCance and 
Widdowson (1937a) found by direct analysis that 
normal women lost 10-40 mg. of iron in each 
menstrual period, so that the average loss can be 
expressed as about 1 mg. per day over the whole 
menstrual cycle. A woman must therefore replace 
nearly twice as much iron each day as a man 
(Table IV), and even moderate menorrhagia may 
raise the requirements to 5 or 6 mg. daily. 

Child-bearing. — Davidson and Fullerton (1938) 
calculated that a pregnant W’oman contributes 
400 mg. of iron to the foetus and 150 mg. to the 
placenta and uterus. A blood loss in parturition 
of about 500 ml. accounts for a further 175 mg. 
of iron, making a total of 725 mg. The greater 
part of this iron drain occurs towards the end of 
pregnancy when the foetus is laying down most 
of its iron stores, but for convenience of com- 
parison the iron loss may’ be expressed as an 
average of 2.7 mg. per day throughout the preg- 
nancy’f The total iron demands of a pregnant 
woman are thus about 3.8 mg. daily — nearly trrice 
as much as a non-pregnant woman needs. 

The iron drain of lactation is comparatively 
light, about 1.5 mg. a day, but when, as often 
happens, menstruation recommences during lacta- 
tion the total iron loss is almost as great as in 
pregnancy. 

Children and adolescents. — ^The increasing blood 
volume and tissue iron of children makes a con- 
siderable addition to their iron needs. Heath and 
Patek (1937) calculated the annual iron require- 
ments for the increase in blood volume and 
parenchyma iron in each year of life ; their figures 
make no allowance for any increase in the avail- 
able iron stores. The additional iron thus laid 
down in the first year of life amounts to 200 mg., 
but the figure falls to 100 mg. during the third 
year and does not rise again appreciably until the 
ninth year, when the growth rate begins to 
increase. The amount of iron laid down annually 
then begins to rise to a maximum of 350 mg. 
during the seventeenth year, and then falls to zero 
as growth stops at about the twenty-first year. 
Thus the extra iron demands of growth never 
e.xceed 1 mg. a day, but even this is a substantial 
addition to the needs of a menstruating girl. 

Clinically it appears that the iron needs of 
children are greater than these calculations admit, 
and it may be that their greater metabolic rate 
increases their iron needs. 
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Iron Losses from Haemorrhage 

The reserve powers of the hone marrow are 
great enough to cope with haemorrhage at a rate 
of at least 150 ml. of blood a day, provided enough 
iron is available. A normal man replaces the red 
cells of 50 ml. or so of blood every day and 
only uses about one-quarter of his total marrow 
capacity, but his daily iron loss is only of the 
order of 1 ml. a day — the iron content of 2 ml. of 
blood. Even if the amount of iron absorbed from 
an ordinary diet were 20 mg. a day, a very im- 
probable figure, the marrow would not receive 
enough iron to double its output. It is not, there- 
fore, the loss of blood which prolongs the anaemia 
of haemorrhage, but the loss of iron. 

Acute haemorrhage. — The blood loss of acute 
haemorrhage not exceeding one-third of the blood 
volume is usually quickly made good with the aid 
of the body’s iron reserves, but it is well to remem- 
ber how enormous is tlie iron loss in relation to 
the potential dietary intake. A pint of blood 
contains about 90 g. of haemoglobin and 300 mg. 
of iron, and even if the diet were capable of yield- 
ing an extra 5 mg. of iron a day in excess of a 
woman’s normal requirements (2 or 3 mg. daily), 
it would take two months to replenish the iron 
reserves. 

V 

When repeated acute haemorrhages reduce the 
haemoglobin to below 50 per cent of its normal 
value the iron reserves will certainly be exhausted 
before recovery is complete, and unless extra iron 
is given the final rate of recovery will be limited 
by the available iron of the diet to something less 
than 2 per cent per week. 

It is evident that iron therapy may be given 
witli advantage during convalescence from acute 
haemorrhage, for with adequate dosage the body 
can absorb and utilize more than 50 mg. of iron 
a day. The idea is familiar to physicians, who 
most often deal with acute haemorrhage from 
peptic ulcer, often complicated by previous iron 
deficiency from chronic haemorrhage, but surgical 
-and obstetrical patients also would probably 
benefit from iron therapy. 

Chronic haemorrhage, — Relatively slight chronic 
haemorrhage greatly increases the iron losses of 
the body. Normal blood contains about 50 mg. 
of iron per 100 ml., so that the loss of only 10 ml. 
of blood a day increases the iron demands of a 
man fivefold. The drain of iron may to some 
extent be diminished by the development of 
anaemia, for the haemoglobin level and iron con- 
tent of the blood fall in parallel. 


It is uncertain how much haemoglobin iron is 
reabsorbed when chronic bleeding occurs into the 
small intestine. The question is of great import- 
ance in tropical countries, where iron deficiency 
from hookworm infestation is a major cause of 
ill-health. A load of 100 hookworms is only 
moderate, and will not always cause anaemia, 
yet, if wc accept the usual estimate, each worm 
withdraws 0.5 ml. of blood a day, making a total 
iron loss of 25 mg. daily. With really heavy 
infestations of 1,000 or more worms anaemia is 
almost inevitable, but even if the blood haemo- 
globin level is reduced to 3 g. per 100 ml. the blood 
withdrawn by the worms will contain 50 mg. of 
iron each day. It is scarcely possible for the whole 
of this deficiency to be replenished from the diet, 
so that unless the worms are less voracious than is 
commonly believed a great part of the haemo- 
globin iron must be reabsorbed from the intestine. 

If, on the other hand, enough iron is supplied 
the reserve function of the bone marrow i.s 
sulficicnt to maintain the haemoglobin level in spite 
of chronic haemorrhage, unless prolonged anaemia 
has led to marrow hypoplasia. 

Iron Therapy in Anaemia 

It is possible to estimate the actual utilization 
of iron during recovery from anaemia if tlie 
changes in blood volume as well as in haemoglobin 
level are known. Some examples of such calcula- 
tions are given below in order to emphasize how 
great is the amount of iron used in raising the 
haemoglobin to normal levels. 

Iron-dcficicncy anaemias. — ^Table V shows the 
blood volume and haemoglobin level of a j'oung 
woman suffering from a simple iron-deficiency 
anaemia. During the first nine days of treatment 
the total circulating haemoglobin increased by 
90 g., corresponding to 300 mg. of iron, an increase 
of ,50 per cent. The blood count did not change 
during the first four days of treatment, so from 
the fifth to the ninth day 60 mg. of iron were 


TABLE V 

TOTAL HAEMOGLOBIN VALUES IN A WOMAN 
WITH IRON-0EFICIENCV ANAEMIA 


Day of treatment 

0 

i 

9 

23 

49 

Haemoglobin g. per 
100 ml. 

6.7 

8.5. 

1 

10.5 

'13.3 

Plasma volume ml. . . 

2,120 

2,250 

2,410 

2,100 

Blood volume ml. . . 

2,830 

3,310 

3,700 

3,690 

Total haemoglobin g. I 

i 

190 

280 

390 

490 


ratient’s weight: 50 kilogrammes. 



IRON METABOLISM , 


65 


being utilized for haemoglobin synthesis each day. 
Since the anaemia was due to a complete exhaus- 
tion of the patient’s iron reseix-es, ail of this iron 
must have been absorbed from the intestine. 
Exsiccated ferrous sulphate was being given in a 
dose of 1.8 g. (27 gr.) daily, containing 600 mg. 
of iron, 10 per cent of which was being absorbed 
and utilized. At the end of seven weeks the 
haemoglobin had still not quite reached a normal 
level, but the total arriount in circulation had in- 
creased by 300 g., corresponding to 1,000 mg. of 
iron. Over the whole period of treatment the 
patient had utilized iron at an average rate of 
20 mg. a day. 

Before this patient was treated she had a normal 
plasma volume and, consequently, a low blood 
volume, so that her haemoglobin 'level under- 
estimated her total iron deficiency. Her cure 
demanded not only a return of the haemoglobin 
level to normal, but also an increase of the total 
red cell volume to give a normal blood volume. 
TTius whereas during the course of treatment her 
haemoglobin level rose to 100 per cent above its 
original level, the total circulating haemoglobin 
increased by 160 per cent. These figures illustrate 
how great may be the discrepancy between the 
true iron utilization and the apparent utilization 
calculated simply from the haemoglobin level 
without regard to the changing blood volume. 

Pernicious anaemia. — Theoretically, iron should 
not be necessary in the treatment of pernicious 
anaemia, for the haemoglobin level was once 
normal, and nearly all the iron from the missing 
red cells is retained in the body. In practice, how- 
ever, iron deficiency, as shown by a mean corpus- 
cular haemoglobin concentration below 32 per 
cent, is often present when the anaemia is first 
diagnosed, or else develops during treatment. Iron 
deficiency is so common in women that in them 
it must often precede pernicious anaemia, but the 
frequent development of iron deficiency during 
the treatment of pernicious anaemia in men is 
not so readily explained. Dubach and others 
(1946) have shown that recently injected radio- 
active iron is more readily utilized than the 
tissue iron reserves during the cure of pernicious 
anaemia, and it may be that much of the great 
excess of iron in the tissues is not readily avail- 
able for haemoglobin synthesis. 

Table VI indicates the great amount of iron 
which may be utilized during the cure of a case of 
pernicious anaemia. The patient, an old woman, 
had a total blood volume which was low for her 
weight, though the plasma volume was definitely 
above the normal. Her total circulating haemo- 


TABLE vr 

TOTAL HAEMOGLOBIN VALUES IN A WOMAN 
WITH PERNICIOUS ANAE-MIA 

^ i ! 


Day of treatment 

1 0 1 

1 : 

50 

Haemoglobin g. per 100 ml. . . 

! 3.9 1 

14.0 

Plasma volume ml 

1 3,070 i 

2.300 

Blood volume ml 

i 3,470 ! 

3.SOO 

Total haemoglobin g 

i 1 

'530 

Patient’s weight; 45 kilogrammes. 

globin rose during treatment from 130 to 530 g.. 


an increase utilizing 1.34 g. of iron. The patient 
was a very' small woman, weighing only 45 kilos, 
and on the same basis a man of 70 kilos with 
pernicious anaemia of the same severity would 
utilize about 2 g. of iron in raising his haemo- 
globin to normal. 

These figures emphasize the necessity for watch- 
ing for the development of iron deficiency' during 
the treatment of pernicious anaemia, or, if 
frequent haematocrit investigations are not 
possible, of supplementing the liver therapy with 
adequate doses of iron. 

The Anaemia of Infection 

Infections in man are commonly complicated by 
a normocytic or slightly microcy'tic anaemia which 
is very resistant to treatment until the infection is 
cured. The frequency of hypochromia In this type 
of anaemia suggests that it is at least in part due 
to some disturbance of iron metabolism, and 
Cartwright and others (1946a, b) have recently 
done much to confirm this view. They found that 
the plasma iron was markedly diminished during 
infections, and that the hypoferraenua persisted 
until the infection was cured, even though there, 
was no anaemia. The fall in the plasma iron might 
be evident within two or three days of the onset 
of an acute infection. When 1 g. of ferrous 
sulphate was given by mouth the plasma iron level 
did not rise, although in normal subjects such a 
dose w'ould increase the level twofold. Even an 
intravenous injection of iron disappeared from the 
blood with abnormal rapidity, so it seemed that 
the anaemia was due at least in part to a deviation 
of iron from the bone marrow to some other site 
— probably the infected tissues. 

Hypoferraemia followed by anaemia was found 
when staphylococcal or sterile turpentine abscesses 
were produced in dogs, but neither staphylococcal 
to.xin nor killed typhoid vaccine produced these 
changes. 

Hahn and others (1946) have also shown that 
anaemic dogs utilize radio-active iron much more 
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slowly after the induction of a sterile turpentine 
abscess than before. 

We still do not know whether this deviation of 
iron from blood formation to infected tissues is a 
feature of the defence mechanism or simply a 
toxic reaction. 

Summary 

There is no evidence of excretion of iron by 
the body except in very small amounts, and the 
iron balance must therefore be maintained by a 
regulation of iron absorption. The greater pari 
of the iron freed from broken-down red cells is 
re-used for haemoglobin synthesis, and only about 
3 mg. a day is excreted in the bile and urine. Even 
the iron losses of normal menstruation, pregnancy, 
and lactation do not raise the average daily loss 
above 4 mg. 

Iron absorption from the intestine varies, in 
accordance with the body's needs, from the 1 mg. 
or so a day necessary to maintain the iron balance 
of a normal man, to the 50 mg. or more a day 
which may be absorbed and utilized during inten- 
sive treatment of iron-deficiency anaemia. The 
amount of iron absorbed is determined by the 
iron level in the cells of the intestinal mucosa, 
where a protein receptor, probably ferritin, can 
receive iron from the intestinal contents and yield 
it to the plasma. Iron is transported by the plasma 
to the tissue stores, and the equilibrium between 
the iron level in the stores, the plasma, and the 
intestinal receptor determines the saturation of the 
last and the degree of iron absorption from the 
food. Anaemia per sc has no influence on iron 
absorption. 

Iron can be absorbed from the stomach and 
small intestine so long as the reaction is acid. 
Only ions are absorbed, so that the non-ionizable 
porphyrin iron of the food must be broken down ^ 
by digestion or bacterial decomposition before it 
can be assimilated. It is possible that only ferrous 
ions can be absorbed, and they are certainly much 
more readily absorbed than ferric ions, but the 
latter are also more apt to form insoluble com- 
pounds in the intestine. The value of a diet as an 
iron source is largely determined by the amount 
of substances, such as phosphates, certain protein 
derivatives, and phytic acid, which form undissoci- 
ated compounds with iron. As a general rule, 
however, an ordinary mixed diet sufllces for a 
man if it contains a total of 5 mg. of iron, or for 
a woman or growing child if it contains 15 mg. 

Some 60 per cent of the total body iron is 
circulating as haemoglobin in the blood, and 
a further 20 per cent is held in the tissues in 
a form potentially available for haemoglobin 


synthesis. The greater part of this storage iron is 
present as ferritin. Iron recently absorbed or 
liberated from destroyed red cells is used for 
crythropoiesis in preference to the iron reserves, 
and about one-quarter of the latter seems to be 
more immediately available than the rest. 

Of the remaining body iron, about one-third is 
in ntyohacmoglobin and about two-thirds in such 
cell enzymes as cytochrome. None of this iron is 
available for haemoglobin synthesis even in ex- 
treme iron depletion, bUt beyond this scarcely any- 
thing is known of its metabolism. 

The iron losses of even moderate haemorrhage 
are very heavy in relation to the body's usual 
needs. A man normally absorbs only a milli- 
gramme or so of new iron a day, whereas 100 ml. 
of his blood, contains about 50 mg. of iron. A 
blood loss up to about onc-third of the total blood 
volume can be replaced from the iron reserves if 
these arc saturated, but any greater loss must be 
replaced from tire diet, which if unsuppicmented 
will allow a haemoglobin increase of only some 
2 per cent per week. The iron loss of chronic 
haemorrhage can easily exceed the capacity of an 
ordinary diet, but if the bleeding is into the 
stomach or duodenum a part of the haemoglobin 
iron can be re-absorbed. 

Recovery from severe anaemia may utilize 2 g. 
of iron, a variable amount of which can be taken 
from the body’s reserves. At the one extreme, in 
iron-deficiency anaemia all the iron must be ab- 
sorbed ; at the other, in pernicious anaemia the 
iron reserves are theoretically adequate to raise 
the haemoglobin to normal, although in practice 
the whole reserves are apparently not always 
readily available. 

The anaemia of infection is associated with a 
low plasma iron, and there is evidence that iron is 
deviated from blood formation to the site of 
infection. 

My thanks ave due to Sir Lionel Whitby, Regius 
Profes.sor of Pliysic in the University of Cambridge, 
for his advice and assistance in the preparation of 
this review. 
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Haldane and Smith (1899-1900), in the description 
of their well-known technique for tlie determination 
of haemoglobin in blood, realized that the com- 
parison of the tints of solutions of carboxyhaemo- 
globin contained in tubes may be inaccurate. They 
wrote as follows (p. 334); “. . . when the tints 
are really equal the tubes may look unequal, the 
apparent inequality being, however, in the other 
direction when they are transposed. This commonly 
affects not merely the depth, but also the quality of 
the tints. Errors of such a kind are avoided by 
repeatedly transposing the tubes during the com- 
parison.” In the same communication (p. 333), 
they stated: “The points at which there was just 
too little, and just too much, water were noted, and 
the rnean taken as the correct result.” 

This advice, to judge from a recent publication, 
is often overlooked. Macfarlane (1945, p. 65) 
inquired of sixty “competent observers” engaged in 
haemoglobin surveys for the Medical Research 
Council as to the precise manner in which they used 
the instrument. Thirty-nine stated that they 
transposed the standard and unknown tubes as 
advised by Haldane, whereas seventeen did not 
transpose the tubes, and four did not reply to the 
inquiry. It appeared further that, of these sixty 
observers, only five adopted Haldane’s advice in its 
entirety. 

We have investigated the accuracy with which 
• two observers (J.L.D. and E.C.T.) could match the 
tints of solutions of carboxyhaemoglobin under 
different experimental conditions. The results of 
these experiments are in the course of publication 
elsewhere. They may be stated briefly as follows; 

(<j) When two identical, ungraduated, haemoglo- 
binometer tubes containing solutions of carboxy- 
hacmoglobin are viewed side by side, and touching 
against a background of an illuminated ground-glass 
screen, the observer may judge the solution on the 
right to be “too dark” (that is, strong) when, in 
fact, it is the weaker of the two. 


(Z>) The error alters as the distance between the 
observer’s eyes and the comparison tubes alters. 

(c) At any one distance the error changes if the 
intensity of illumination is changed, or if a daylight 
bulb is substituted for a “clear” bulb as the source 
of light. 

In the present series of e.xperiments, the errors of 
twenty observers (six pathologists, four senior 
technicians, and ten medical students) were inves- 
tigated. 

Plan of Research 

The following groups of experiments were carried 
out. 

■ (n) Each observer made a series of comparisons 
in daylight. 

{b) Each of the ten students made two series of 
comparisons, (i) with the eyes at 40 cm.,_and (ii) with 
the eyes at 125 cm. from the comparison tubes, the 
source of light being a “clear” electric bulb set up 
as described below. 

(c) Conditions were found in which the student 
observers could compare the tints of solutions of 
carboxyhaemoglobin witli considerable accuracy. 

Tlie E.\'pcrimental Method 

A scries of nine dilutions of carboxyhaemoglobin was 
made up from a 2 per cent stock solution of blood whose 
haemoglobin content was 100 per cent (Haldane). The 
tint of the solution labelled “1” approximately matched 
a Haldane standard. The remaining eight solutions 
differed from one another and from the solution “1” 
by steps of 2 per cent. The strongest solution was 
labelled 1 .08, and the weakest 0.92. 

The same two ungraduated haemoglobinometer tubes 
of -average internal diameter 6.60 and 6.63 mm. were 
used in all these experiments, and in every comparison 
of tints the same tube always occupied the left-hand 
position. The tubes were not transposed. The tubes 
were filled by an experimenter with any pair of the nine 
available solutions of carboxyhaemoglobin. The ob- 
server’s part in the experiment was solely to report 
whether, in his opinion, the solution in the right-hand 
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tube was “too strong” or “too weak” relative to that in 
the left-hand tube. If he could not distinguish between 
them, he reported a “match.” The tubes were set up 
side by side and touching in a cork holder. The solutions 
were presented for comparison in a random order, and 
the number of comparisons which made up an e.xperiment 
was left to the discretion of the experimenter, who was 
guided by the obsen'er's replies and continued the 
experiment until he was sure that a given difference in_ 
concentration between the solutions in the two tubes 
could be recognized correctly, and with certainty, by 
the observer. 

From the observations, the ratio of the concentrations 
of the solutions in the right- and left-hand tubes which 
gave the observer an equal chance of recognizing a 
difference in tint correctly was calculated. This was 
called the “50 per cent ratio.” Thus, if the 50 per cent 
ratio is 1, it means that the observer did not bias his 
observations in favour of either tube. On the other 
hand if it is 0.95, it means that the observer judged the 
solution in the right-hand tube to be “strong” when, in 
fact, it was “weak.” The value of the 50 per cent ratio, 
therefore, is a measure of an observer's error in tint 
discrimination. 

The method of calculation is based on that used for 
determining the LD50 for a drug (cf. Gaddum, 1933), 
Behrens's (1929) calculation to allow for the smallness 
of the sample being employed. When the normal 
equivalent deviation (N.E.D.) of the percentage of correct 
observations at each ratio tested is plotted against the 
ratio concerned, the points lie on or near a straight line. 
The ratio corresponding to zero 'N.E.D. represents the 
ratio at which the observer has an equal chance of dis- 
criminating between the tints of the two solutions. The 
standard deviation (S.D.) of the 50 per cent ratio was 
calculated from formula 13 on p. 27 of Gaddum’s (1933) 
paper. The application of the method is described 
in detail in another communication (D'Silva and 
Turton). 

Comparisons in Daylight 

Each of the twenty observers undertook a series of 
comparisons as described above, in a laboratory lighted 
by daylight. The obsen'cr stood and held the tubes in 
the cork holder against a ground-glass screen placed in 
front of the window at eye level. The intensity of 
illumination varied, but in no case would it have been 
deemed too low for hacmoglobinometry in a pathological 
laboratory. 

Having permitted the observer to choose the distance 
between the tubes and his eyes, this distance was deter- 
mined by the experimenter as follows: two cardboard 
scales marked by vertical lines at intervals of 5 cm., the 
one being slightly wider than the other, were arranged 
parallel with the observer's line of sight. One was about 
30 cm. and the other 40 cm. from that line. The “zero 
distance” on each scale was some 2 cm. nearer to the 
observer than the ground-glass screen, and coincided 
with the usual position of the comparison tubes when 
they were held near the screen. Unknown to the 
observer, the experimenter observed the distance at 


which the tubes were held from the eyes for each com- 
parison. The arrangement of the graduated scales 
eliminated any error due to parallax. 

Two sets of results were obtained from this series of 
experiments; (a) the error of comparison of each 
observer; and (6) the least, the mean, and the greatest 
distance between the tubes and the observer's eyes for 
each set of comparisons. ' 

The error of each observer is recorded in Table 1. It 
will be seen that in each group some observers are^airly 

TABLET 

ERRORS MADE BY TWENTY OBSERVERS IN' CO.MPARIS'G 
THE TINTS OF SOLliTtON'S OF CARBOXYHAESfOGLOBIN' 

IN' DAYLIGHT 


Trained observers 

Student observers 

Initials 

50% ratio 

Initials 

50% ratio 

and no. 

and 2S.D, 

and no. 

and 2S.D, 

I. A.E.K.-S. 

0.997 =: 

0.017 

I.R.Z. 

0.970 

0.009 

2. B.C.C. 

0.969 d: 

0.008 

2. P J.L. 

0.969 

0.012 

3. M3.McL 0.969 

0.008 

3. G.C.H.C. 

0.968 -L 

0.014 

4. A.McG. 

1.033 

0.010 

4. C.C.M. 

0.964-^ 

0.014 

5.RJ.S. 

0.960 i 

O.OOS 

S.P.H.S. 

0.958 -i- 

0.013 

6. d’A.K. 

0.957 ± 

0.012 

6. A.J.W. 

0.957 -i- 

0.015 

7. G.D. 

0.956 i 

0.014 

7.R.H.G.B. 

0.945 u. 

0.012 

8. H.r.c. 

0.955 i 

0.011 

8. D.M. 

0.937 -J- 

0.016 

9. D.A.L. 

0.941 = 

0.016 

9. D.E.W. 

16.936 -r- 

0.026 

10. G.E.M. 

0.873 ± 

0.018 

10. W.R.CJ3. 

0.921 ± 

0.009 

Average 0.961 

Average 0.953 


accurate and some are inaccurate. The errors of both 
groups are similar in spite of the fact that one group of 
observers was trained to compare these tints and the 
other was untrained. Some of the student observers 
had used the Haldane method as a class e.xperiment, so 
that to achieve the degree of accuracy shown by them 
required little or no training. 

The diagram shows the mean distance (black area), 
the least distance, and the greatest distance at which 
comparisons of tint were made. In the student group, 
50 cm. or above was the usual distance, as it was in the 
group of trained observers, except for one observer in 
the former group and three in the latter who made their 
comparisons at distances nearer than 50 cm. It was not 
possible to correlate the observer's error with the dis- 
tance at which he made the comparisons of tint. The 
distance of comparison usually varied within fairly 
narrow limiu except in the case of D.E.W. (student 
group) and D.A.L. (trained group), whose comparison 
distances were very variable. 

Comparisons in Artificial Light 

The source of light was a 60-watt “clear" bulb mounted 
inside a black box. the front of which was covered 
except for a circular aperture 4 in. in diameter placed 
opposite the bulb. A ground-glass screen was set up 
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Haldane and Smith (1899-1900), in the description 
of their well-known technique for the determination 
of haemoglobin in blood, realized that the com^ 
parison of the tints of solutions of carboxyhaemo" 
globin contained in tubes may be inaccurate. They 
wrote as follows (p. 334): “. . . when the tints 
are really equal the tubes may look unequal, the 
apparent inequality being, however, in the other 
direction when they are transposed. This commonly 
affects not merely the depth, but also tlie quality of 
the tints. Errors of such a kind are avoided by 
repeatedly transposing the tubes during the com- 
parison.” In the same communication (p. 333), 
they stated; “The points at which there was just 
too little, and just too much, water were noted, and 
the rnean taken as the correct result.” 

This advice, to judge from a recent publication, 
is often overlooked. Macfarlane (1945, p. 65) 
inquired of sixty “competent observers” engaged in 
haemoglobin surveys for the Medical Research 
Council as to the precise manner in which they used 
the instrument. Thirty-nine stated that they 
transposed the standard and unknown tubes aS 
advised by Haldane, whereas seventeen did not 
transpose the tubes, and four did not reply to the 
inquiry. It appeared further that, of these sixty 
observers, only five adopted Haldane’s advice in its 
entirety. 

We have investigated the accuracy with which 
• two observers (J.L.D. and E.C.T.) could match the 
tints of solutions of carboxyhaemoglobin under 
different experimental conditions. The results of 
these experiments are in the course of publication 
elsewhere. They may be stated briefly as follows: 

(«) When two identical, ungraduated, haemoglo- 
binometer tubes containing solutions of carboxy- 
hacmoglobin are viewed side by side, and touching 
against a background of an illuminated ground-glass 
screen, the observer may judge the solution on the 
right to be “too dark” (that is, strong) when, in 
fact, it is the weaker of the two. 


(b) The error alters as the distance between the 
observer’s eyes and the comparison tubes alters. 

(c) At any one distance the error changes if the 
intensity of illumination is changed, or if a daylight 
bulb is substituted for a “clear” bulb as the source 
of light. 

In the present scries of experiments, the errors of 
twenty observers (six pathologists, four senior 
technicians, and ten medical students) were inves- 
tigated. 

Plan of Research 

The following groups of experiments were carried 
out. 

• (o) Each observer made a series of comparisons 
in daylight. 

(h) Each of the ten students made two scries of 
comparisons, (i) with the eyes at 40 cm., and (ii) with 
the eyes at 125 cm. from the comparison tubes, the 
source of light being a “clear” electric bulb set up 
as described below. 

(c) Conditions were found in which the student 
observers could compare the tints of solutions of 
carboxyhaemoglobin with considerable accuracy. 

The Experimental Method 

A scries of nine dilutions of carboxyhaemoglobin was 
made up from a 2 per cent stock solution of blood whose 
haemoglobin content was 100 per cent (Haldane). The 
tint of the solution labelled “1” approximately matched 
a Haldane standard. The remaining eight solutions 
differed from one another and from the solution “I” 
by steps of 2 per cent. The strongest solution was 
labelled 1 .08, and the weakest 0.92. 

The same two ungraduated haemoglobinometcr tubes 
of -average internal diameter 6.60 and 6.63 mm. were 
used in all these experiments, and in every comparison 
of tints the same tube always occupied the left-hand 
position. The tubes were not transposed. The tubes 
were filled by an experimenter with any pair of the nine 
available solutions of carboxyhaemoglobin. The ob- 
server’s part in the experiment was solely to report 
whether, in his opinion, the solution in the right-hand 
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tube was “too strong” or “too weak” relative to that in 
the left-hand tube. If he could not distinguish between 
them, he reported a “match.” The tubes were set up 
side by side and touching in a cork holder. The solutions 
were presented for comparison in a random order, and 
the number of comparisons which made up an experiment 
was left to the discretion of the e.vperimenter, who was 
guided by the obsen’er’s replies and continued the 
experiment until he was sure that a given difference in_ 
concentration between the solutions in the two tubes 
could be recognized correctly, and with certainty, by 
the observer. 

From the observations, the ratio of the concentrations 
of the solutions in the right- and left-hand tubes which 
gave the observer an equal chance of recognizing a 
difference in tint correctly was calculated. This was 
called the “50 per cent ratio.” Thus, if the 50 per cent 
ratio is V, it means that the observer did not bias his 
observations in favour of either tube. On the other 
hand if it is 0.95, it means that the observer judged the 
solution in the right-hand tube to be “strong” when, in 
fact, it was “tveak.” The value of the 50 per cent ratio, 
therefore, is a measure of an observer’s error in tint 
discrimination- 

The method of calculation is based on that used for 
determining the LD50 for a drug (cf. Gaddum, 1933), 
Behrens's (1929) calculation to allow for the smallness 
of the sample being employed. When the normal 
equivalent deviation (N.E.D.) of the percentage of correct 
observations at each ratio tested is plotted against the 
ratio concerned, ‘ the points lie on or near a straight line. 
The ratio corresponding to zero 'N.E.D. represents the 
ratio at which the observer has an equal chance of dis- 
criminating between the tints of the two solutions. The 
standard deviation (S.D.) of the 50 per cent ratio was 
calculated from formula 13 on p. 27 ofGaddum’s (1933) 
paper. The application of the method is described 
in. detail in another communication (D’Silva and 
Turton). 

Comparisons in Daylight 

Each of the twenty observers undertook a series of 
comparisons as described above, in a laboratory lighted 
by daylight. The observer stood and held the tubes in 
the cork holder against a ground-glass screen placed in 
front of the window at eye level. The intensity of 
illumination varied, but in no case would it have been 
deemed too low for haemoglobinometry in a pathological 
laboratory. 

Having permitted the observer to choose the distance 
between the tubes and his eyes, this distance was deter- 
mined by the experimenter as follows: two cardboard 
scales marked by vertical lines at intetv'als of 5 cm., the 
one being slightly wider than the other, were arranged 
parallel with the observer's line of sight. One was about 
30 cm. and the other 40 cm. from that line. The “zero 
distance” on each scale was some 2 cm. nearer to the 
observer than the ground-glass screen, and coincided 
with the usual position of the comparison tubes when 
they were held near the screen. Unknown to the 
observer, the experimenter obseived the distance at 


which the tubes were held from the eyes for each com- 
parison. The arrangement of the graduated scales 
eliminated any error due to parallax. 

Two sets of results were obtained from this series of 
experiments: (a) the error of comparison of each 
observer; ■ and (6) the least, the mean, and the greatest 
distance between the tubes and the observer’s eyes for 
each set of comparisons. 

The error of each observer is recorded in Table I. It 
will be seen that in each group some observers areTairly 

V \ 

TABLE I 

ERRORS MADE BY TWENTY OBSERVERS IN CO.MPARING 

THE TINTS OF SOLUTIONS OF CARBOXYHAEMOGLOBIN 
IN DAYLIGHT 


Trained c 

)bservers 

Student observers 

Initials 

50% ratio 


Initials 

50% ratio 

and no. 

and 2S.D. 


and no. 

and 2S.D. 

1. A.E.K.-S. 

0.997 -L 0.017 

1. 

R.Z. 

0.970 -L 

0.009 

2. B.C.C. 

0.969 -i- O.OOS 

2. 

PJ.L. 

0.969 

0.012 

3. M.B,McI. 

0.969 i O.OOS 

3. 

G.C.H.C. 

0.968 -L 

0.014 

4. A.McG. 

1.033 -L 0.010 

4. 

ac.M. 

0.964 -L 

0.014 

5. RJ.S. 

0.960 0.008 

5. 

P.H.S, 

0.958 -L 

0.013 

6. d’A.K. 

0.957 ± 0.012 

6. 

A.J.W. 

0.957 -L 

0.015 

7. G.D. 

0.956 ± 0.014 

7. 

R.H.G.B. 

0.945 -L 

0.012 

8. H.r.c, 

0.955 -L 0.011 

8. 

D.M. 

0.937 -L 

0.016 

9. D.A,L. 

0.941 ±0.016 

9. 

D.E.W. 

0.936 -t- 

0.026 

10. G.E.M. 

0.873 ±0.018 

10. 

W.R.C.B. 

0.921 ± 

0.009 

Average 0.961 

Average 0.953 


accurate and some are inaccurate. The errors of both 
groups are similar in spite of the fact that one group of 
observers was trained to compare these tints and the 
other was untrained. Some of the student observers 
had used the Haldane method as a class experiment, so 
that to achieve the degree of accuracy shown by them 
required little or no training. 

The diagram shows the mean distance (black area), 
the least distance, and the greatest distance at which 
comparisons of tint were made. In the student group, 
50 cm. or above was the usual distance, as it was in the 
group of trained observers, except for one obsen-er in 
the former group and three in the latter who made their 
comparisons at distances nearer than 50 cm. It was not 
possible to correlate the observer’s error with the dis- 
tance at which he made the comparisons of tint. The 
distance of comparison usually varied within fairly 
narrow limits c.xccpt in the case of D.E.W. (student 
group) and D.A.L. (trained group), whose comparison 
distances were very variable. 

Comparisons in Artificial Light 

■The source of light was a 60-watt “clear” bulb mounted 
inside a black box. the front of which was covered 
except for a circular aperture 4 in. in diameter placed 
opposite the bulb. A ground-glass screen was set up 
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Observers 1234S6789 10 


The mean distance (black rectangle), the least, and the greatest distance 
at which observers made their comparisons in daylight. Tlte 
observers’ numbers correspond to those in Tabic I. The number 
of observations is given at tiie head of each group of three 
rectangles. 


to 125 cm. The change in distance can 
affect the error of comparison in three 
ways: {a) the 50 per cent ratio may be 
unchanged; (Z») it may become less; or 
(c) it may become greater. Of the 
observations made at 40 cm., only three 
observers (R.H.G.B., C.C.M., and 

P.H.S.) had 50 per cent ratios not 
significantly difierent from I. All the 
observers (except R.Z. at 40 cm.; c/. 
Table II) were consistent in their ob- 
servations, though only three were 
accurate. Their results showed that the 
precise difi’ercnce in concentration between 
the solutions in the two tubes which 
led to difficulty in distinguishing between 
the tints was different for different 
observers. 

Condifions under which Accurafe 
Comparisons were made by 
some Observers 

In this series of experiments (results 
in Table III) we tried to find conditions 
under which the observers’ 50 percent 
ratios would not differ significantly 
from 1. Three of them (R.H.G.B.. 
C.C.M., and P.H.S.) made accurate 


3.5 ft. from the bulb (illumination of 10 f.c. approxi- 
mately) and the comparisons of tint were made against 
it. The room was darkened apart from the light referred 
to above. The comparisons were made as described 
previously. 

Each of the student observers carried out a set of 
comparisons with the eyes at (a) 40 cm. and (i>) 125 cm. 
from the tubes. The results are in Table It. 


tint comparisons at 10 f.c with the 
eyes 40 cm. from the tubes (cf. Table II). The 
results of the other seven observers show that when 
the distance of comparison was altered from 
40 to 1 25 cm., in three (p.M., A.J.W., and G.C.H.C.) 
the 50 per cent ratio increased, in one (D.E.W.) it 
diminished, and in three (P.J.L., R.Z., and W.R.C.B.) 
it was unchanged. 


In every subject, except P.J.L., R.Z., and W.R.C.B., Of the three observers for whom the 50 per cent 
the 50 per cent ratio changed when the distance between ratio increased, in two it changed from less than 1 to 
the eyes and the comparison tubes was altered from 40 more than 1. For these two (D.M. and A.J.W.) we 

found empirically that accurate tint discrimination 


TABLE II 

ERRORS OF COMPARISON OF TEN STUDENT OBSERVERS 
WITH AN ILLUMINATION OF ABOUT 10 F.C. PROVIDED 
BY A 60-watt “clear” BULB 


Observ'cr 50% ratio and 2 S.D. 

40 cm. 125 c.m. 

R.H.G.B. 0.999 ± 0.012 1.044 ± 0.016 

C. C.M. 1.005 ±0.012 1.056 ±0.017 

P.H.S. 1.006 ± 0.015 0.950 ± 0.010 

P.J.L. O.9S0 ± 0.01 1 0.977 ± 0.013 

D. M. 0.96S ± 0.009 1.027 ± 0.022 

A.J.W. 0.967 ± 0.015 1.057 ± 0.014 

D.E.W. 0.955 ± 0.012 0.912 ± 0.015 

R.Z. 0.954 ± 0.040 0.940 ± 0.017 

W.R.C.B. 0.945 ± 0.014 0.958 ± 0.013 

G.C.H.C. 0.924 ± 0.022 0.960 ± 0.014 


TABLE III 

CONDITIONS OF ILLUSUNATION AND DISTANCE WHICH 
ALLOWED SEVEN UNTRAINED OBSERVERS TO COM- 
PARE THE TINTS accurately: C = “CLEAR” BULB ; 
D = “ daylight” BULB 


Observer Rumination 


Dist. in cm. 
of eyes from 
tubes 


50% ratio 
and 2S.D. 


R.H.G.B. C 10 

C. C.M. C 10 

P.H.S. C 10 

D. M. C 10 

A.J.W. C 10 

D.E.W. C 100 

G.C.H.C. D 10 


40 0.999 ± 0.012 

40 1.005 ±0.012 

40 1.006 ±0.015 

50 0.991 ±0.009 

60 0.995 ± 0.014 

40 0.991 ± 0.009 

85 1.007 ± 0.014 
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was achieved when the distance of comparison was 
50 cm. and 60 cm., respectively. On the same basis, 
G.C.H.C. presumably needs a. longer comparison 
distance than 125 cm. {cf. Table lI),TDut comparisons 
made at distances greater than 125 cm. are less 
accurate. When illumination was provided by a 
daylight lamp, how'ever, G.C.H.C. was accurate at 
a comparison distance of 85 cm. (Table III). 

In the case of D.E.W., the 50 per cent ratio 
diminished as the comparison distance increased 
and was ahvays less than 1 at 10 f.c. We found 
no distance at which this observer could make 
accurate comparisons at 10 f.c. At 100 f.c., however, 
he made accurate comparisons when his eyes were 
40 cm. from the tubes. 

The'remaim'ng three observers (P.J.L., R.Z., and 
W.R.C.B.), for whom a change in comparison 
distance was without significant effect on the 50 per 
cent ratio, were not dealt with further. P.J.L. had 
only a small error (2 per cent ± 1 per cent) in his 
50 per cent ratio at 40 cm. and it was felt that any 
significant change in this in the direction of greater 
accuracy would be difficult to establish. W.R.C.B. 
had a large error, but we could not find any condi- 
tions under which his_50 per cent ratio was near 1. 
It was later discovered that he had uncorrected 
astigmatism which may have contributed towards 
his inaccuracy. R.Z. at 40 cm. (Table II) had a wide 
scatter in his observations (as is shown by a high 
S.D.), and though he was more consistent at 125 cm. 
he was just as inaccurate. 

Commentary 

Three points arise from this work in connexion 
with the determination of haemoglobin. 

(a) All but one of our trained observers made 
appreciable errors in comparing the tints of solutions 
of carboxyhaemoglobin. They were no more 
accurate than our untrained observers and, as we 
have shown previously, the inaccuracy is not due to 
instrumental errors. It seems probable that it is 
the result of the make-up of the individual’s visual 
apparatus. None of our obsen’ers was aware, 
during the course of the experiment, of any inaccur- 
acy of comparison, so for accurate work it would 
be advisable for workers who do not transpose the 
haemoglobinometer tubes during their tint-matching 
procedure to undertake experiments to determine 
the magnitude of their errors. 

(fc) Macfarlane’s recent communication (1945, 
p. 67) shows that six different methods ofhaemo- 
globinomclry were in use by 56 observers, namely : 
(i) standard always kept on the left, (ii) standard 
always kept on the right, and (iii) standard first on 
one side and then on the other. All the observers 


using these three methods took the first observation 
of “match” to be the true match point. The 
observers (iv), (v), and (vi) used the methods (i), 
(ii), and (iii), respectively, in their tint-matching 
procedure, but took the mean of the last obserration 
of “strong” and of the first observation of “weak” 
as the true match point. 

We can illustrate the possible errors which can be 
made by an observer by considering one with a 
50 per cent ratio of 0.90, that is, one who judges the 
right-hand tube to be 10 per cent stronger than it is. 
Let us assume that he uses the experimental pro- 
cedures (i) to (vi) (above) in turn, and further that 
the true match should be at 100 on the Haldane 
scale. 

If he keeps the standard always on the left, he 
will match at 110. If he keeps the standard always 
on the right, he will match at 90 for the same reason. 
If he uses (iv) or (v) his match points are more 
likely to be 112 and 92, respectively, because the 
difference between his last obser\'ation of “strong” 
and his first observation of “weak” will be 4 per 
cent or 6 per cent on the Haldane scale. In each 
of these four experiments he tvill have a large error 
solely because of his inaccuracy in tint matching. 

Now consider the situation when the same 
observer examines the unknown solution first on the 
right of and then on the left of the standard. 
Assume that in the course of the experiment, dilution 
has reached the “90-mark.” NVTien the standard is 
to the left of the unknown, the latter will be recorded 
as strong. When the positions of the tubes are 
reversed, however, a match may be recorded 
because of the observer’s 10 per cent error. The 
.observer will be faced with a dilemma in which the 
same solution appears to be strong when it is 
viewed on one side of the standard, and a match 
when it is viewed on the other side. Two courses 
only are open to him. Either (a) he can record his 
judgment as a non-committal “match” and continue 
his observations, finally taking the mean of the 
readings at which he judged the unknown to be 
just too strong and just too weak as the true match 
point (c/ procedure (vi), above); or (6) he can 
judge the dilution at which the unknown appears as 
strong, when it is viewed on one side of the standard, 
as it appears weak when it is viewed on the other, 
and call this the true match point. The latter 
procedure introduces uninvestigated factors con- 
cerning judgment and memory for differences of 
tint and so, at present, must be regarded as unreli- 
able. It is likely, therefore, that the observer will 
obtain the most accurate results when he examines 
the unknown first on the right of and then on the 
left of the standard and takes the mean of the last 
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observation when the unknown appeared strong 
whether it was viewed on the rijght or the left of 
the standard, and the first observation when the 
unknown similarly appeared weak as the correct 
match point. This' is the procedure which was 
advised by Haldane. 

(c) To obviate the above inaccuracies, an observer 
should discover standard conditions of illumination 
and distance which enable him to compare the tints 
accurately, and use these conditions whenever he 
is determining the amount of haemoglobin in blood. 

Snmmary 

1. There was no difference in the accuracy with 
which ten trained and ten untrained observers 
matched the tints of solutions of carboxyhaemoglo- 
bin in daylight. The" distance at which they made 
their comparisons was usually over 50 cm. and 
varied only within narrow limits in eighteen out of 
twenty observers. 


2. The accuracy of seven out of ten untrained 
observers changed as the distance between their eyes 
and the comparison tubes changed. 

3. Conditions of illumination and distance of 
comparison were found for seven out of ten 
untrained observers which enabled them to make 
accurate comparisons of tint. 

4. The application of these observations to 
haemoglobinometry is discussed. 

We are indebted to Professor Hartridgc for his advice 
in the preparation of this paper, and to our obser\’ers 
for their co-operation. 
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RAPID AND ECONOMICAL RHESUS TESTING: 

A TRIAL OF CHOWN’S CAPILLARY 
TUBE METHOD 

BY 

GEORGE DISCOMBE AND H. MEYER 
From the Central Middlesex County Hospital 

(RECEIVED FOR PUBLICATION, DECEMBER 30, 1947) 


Introduction 

It is now firmly established that immunization by 
the Rhesus factor plays a predominant part in the 
pathogenesis of haemolytic disease of the newborn 
(Levine and others, 1941a and b), and that treat- 
ment by early induction of labour and transfusion 
or exsanguination transfusion will reduce the 
mortality of affected infants to about one quarter 
of that found in an untreated series (Diamond, 
1947). It has also been shown that a single trans- 
fusion of Rhesus-positive blood will sensitize about 
half of all Rhesus-negative recipients (Moloney, 
1945 ; Diamond, 1947 ; Hattersley, 1947), and that 
Rhesus-positive babies born to previously sensi- 
tized Rhesus-negative mothers are usually affected 
by a severe form of haemolytic disease. It is there- 
fore essential to determine the Rhesus group of all 
female recipients of transfusions who are potential 
mothers, and to give only Rhesus-negative blood to 
Rhesus-negative recipients. 

It is possible that the slide test, using the incom- 
plete or blocking antibody (Diamond and Abelson, 
1945), would be the method of choice, but unfor- 
tunately high-titre high-avidity sera of this type are 
not generally available in this country. Satisfac- 
tory sera derived from animals are troublesome to 
prepare. Sera of human origin containing the 
ordinary agglutinating antibody have thus to be 
used, but unfortunately sera with a high titre (1/32 
or over), are seldom encountered, though there is 
less difficulty in obtaining sera with a titre of 1/8 
or 1/16. 

The standard technique, using precipitin tubes, 
is reliable but laborious ; it also requires scrupu- 
lously clean glassware and relatively large volumes 
of sera. This report is concerned with a recent 
trial of the method of Chown (Chown and Lewis, 
1944, 1946), to which our attention was directed by 
Dr. Race. 

F 


Method 

In Chown’s technique the cells to be tested are 
allowed to fall through a column of agglutinating 
serum contained in an inclined capillary tube of 
0.3 to 1.0 mm. bore. If the cells are agglutinated 
they seem to become sticky and to adhere to the 
wall of the capillary in discrete clumps which can 
easily be seen by the naked eye, usually within 
ten minutes of starting incubation. Capillary tubes 
of about 0.5 mm. (0.3 mm. to 1.0 mm.) bore and 
about 7 cm. in length are required. These are 
easily drawn from 7 to 8 mm. diameter soft glass 
tubing and broken to approximate length between 
the fingers ; several hundred may be made in half 
an hour. A block of plasticine is also needed, but 
if a large series is to be done it is convenient to 
replace the plasticine by a container of soft paraffin 
and to employ a perspex rack or the heated rack 
described by Chown and Lewis (1946) to hold the 
capillaries. An anti-D agglutinating serum from 
which the anti-A and anti-B agglutinins have been 
absorbed is employed. 

A capillarj' is dipped vertically into the serum 
until a column 10 to 20 mm. long has entered by 
capillarity. It is then removed and dipped into 
the unknown test cell suspension until a column of 
about the same length has entered (care must be 
taken to avoid air-locks), inverted, and the lower 
end (which did not enter the fluids) stuck into the 
plasticine at an angle of about 45° : or, if a rack 
is used, the lower end is plugged with vaseline and 
the capillary placed in the rack. The capillar>’ is 
then incubated at 38° C. and inspected at inter\’als. 
In about half of all Rhesus-positive samples, seg- 
mentation of the cell column will be visible in 5 to 
10 minutes ; this segmentation constitutes a positive 
reaction (Plate la). Most positives are definite in 
15 minutes, but a few develop only after about 
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(«)■ — The capillary test. Left-hand tube — negative 
reaction. Right-hand tube — positive reaction. 



(/’)• — Perspex rack for tests. Polystyrene holder with handle for simultaneous 
washing of five samples of cells. 


■ 


Plate I. 
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30 minutes. A weak serum, or too dilute a cell 
suspension, delays the appearance of the positive 
reaction. If the cells are Rhesus-negative, there is 
no suggestion of segmentation, the cells forming a 
uniform smooth layer on the lower wall of the 
capillary. It will be noted that in cases of urgency, 
where the result has to be read within a short time, 
an occasional Rhesus-positive blood may be mis- 
read as negative (which is of minor importance), 
but never Rhesus-negative blood as positive. 

The strength of the cell suspension is most im- 
portant. A mixture of fresh oxalated blood with 
once to twice its volume of isotonic citrate solution 
is recommended by Chown ; this gives a cell 
suspension of about 15 per cent and is very satis- 
factory. However, most antenatal patients have 
blood taken for a Wassermann reaction. It was 
decided to use the residue of these samples, after 
the serum had been removed, by shaking the clot 
and the extruded cells with 1 to 2 volumes of 
saline. Such suspensions were found to be satis- 
factory, though suspensions made by removing 
the extruded cells by decantation, and shaking with 
fresh saline, were not, for they were always too 
dilute and frequently contained fragments of clot. 

A comparison between this capillary method and 
the standard tube method has been made, a total 
of 503 specimens being examined. Of these, three 
were rejected owing to gross haemolysis or infec- 
tion, though two proved satisfactory in the tube 
technique ; eight gave doubtful readings at the first 
trial of the capillary method, but became definite 
if a higher concentration of cells was used for the 
test ; all these eight were over six days old. Alto- 
gether, there were 399 samples positive by both 
methods, of which 391 were clear-cut and obvious 
in the capillaries, and 101 samples negative. 

On the basis of this comparison, it was decided 
that the capillary method was suitable for routine 
use, subject to certain limitations ; first, the blood 
must be uninfected and not more than four days 
old ; secondly, dilute suspensions of cells must be 
concentrated by centrifuging and resuspension ; 
thirdly, doubtful reactions must be checked by the 
tube technique. The method has now been used 
for some months using anti-A, anti-B, anti-D, 
anti-C, anti-E, anti-c and anti-fC-f-D^-E) sera, 
and so far the results have been unexceptionable 
if fresh suspensions of cells at 10 to 20 per cent 
concentration have been used. It has also been 
used to demonstrate both complete and incomplete 
antibodies in unknown sera, but so far insufficient 
experience has been gained to warrant its general 
adoption for the detection of antibodies, though it 
appears to be at least as sensitive as the tube 


technique. Chown (1947) informs us that in his 
hands it is more sensitive, and we have succeeded 
in obtaining clear-cut results with one batch of 
serum so weak that it was useless for the tube 
technique. 

A statistical analysis of the frequency of the 
D-antigen in (1) the 500 samples described, (2) a 
series of blood donors, (3) the first 400 antenatal 
patients studied as a routine, and (4) a series cf 
2,000 cases studied by Race (1947) has been made, 
the four series, and some of their combinations, 
being analysed for homogeneity by the x" method 
(Tables I and II). 

TABLE I 


Series 

Rhesus- 

positive 

Rhesus- 

negative 

Total 

1 

399 

101 

500 

2 

124 

35 

159 

3 

341 

59 

400 

4 

1,658 

342 

2,000 

Total 

2,522 

537 

3,059 


TABLE ri 


Comparison 

r 

P 

I with 2 with 3 

6.27 

0.04 

1 with 2 with 3 with 4 

7.15 

0.07 

I with 3 . . . . . . 

4.5 

0.038 

(1 -b 2 -b 3) with 4 . . . . 

0.848 

0.62 

1 with 4 

2.6 

O.I 

3 with 4 

2.75 . 

O.I 


It is obvious that there is a difference of doubtful 
significance between the series 1 and 3. Since all 
Rhesus-negative subjects are tested twice, once with 
anti-D and once with anti-(C-rD-rE) serum, 
while many mothers of erythroblastotic infants 
have been transfused with blood from our own 
donors, it seems likely that the difference is due to 
chance. 

Apparatus 

If any number of tests are to be done, it is an 
advantage to have specially designed apparatus. We 
have used perspex racks similar to those advised by 
Berlin (1947). In our comparison of the two tech- 
niques we found that to avoid labelling tubes in 
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which cells were washed, blocks of translucent poly- 
styrene plastic could be used ; these were cylindrical, 
about 1| in. diameter and 2i in. long, with an axial 
hole to take a 20 S.W.G. brass wire. In each block 
five holes to carry precipitin tubes were drilled, each 
2 in. long ; the block was labelled with a letter, and 
each hole for a tube with a number. Labelling is 
best done with an ink containing Sudan Black B dis- 
solved in a mixture of dichlorethylene and ethylene 
dichloride containing about 10 per cent Diakon (per- 
spex) cement. The block fits a 50-ml. centrifuge 
bucket, and can be lifted out by the wire handle. 
The wall of the block is so thin that the column of 
red cells in the tube is easily seen, and after centri- 
fuging the supernatant fluid can be sucked off and 
the cells resuspended without removing the tube from 
its holder (Plate 1/j). An apparatus for removal of 
supernatant fluids was also devised ; a suction pump 
is attached to a small Buchner flask, from which passes 
a rubber tube attached to a Pasteur pipette ; the lumen 
of the rubber tube is closed by a glass bead, and by 
pinching the rubber tube to one side of the bead a 
channel is formed. 

Conclusion 

The capillary method has been so satisfactory in 
our hands that we no longer use the tube method 


in routine Rhesus typing, but keep it for testing for 
agglutinins in unknown sera and for titrating sera. 
The capillary method requires little skill, the result 
usually being definite in fifteen minutes. 


We are indebted to Dr. R. R. Race for drawing our 
attention to the method, to Dr. A. E. Mourant for 
supplying us with many of the antisera we have used, 
to the originator of the method. Dr. Bruce Chown. 
for his valuable advice, and to Mr. Tilman, assistant 
engineer to the hospital, for making apparatus to our 
design. 


References 

Berlin, R. B. (1947). Amer. J. din. Pall,.. 17. 233. 

Chown, B., .nnd Lewis, M. (1944). Amcr. J. din. Path., 14, Tech. 
Sect. 114. 

Chown, B., and Lewis, M. (1946). Canaii. meii. /Isj. J., 55, 66. 
Chown, B., and Lewis, M. (1947). Personal communication. 
Diamond, L. K., and Abclson, N. M. (1945). J. Lab. din. Med., 30, 
204. 

Diamond, L. K. (1947). Lecture in England, unpublished. 
H.'ittersley, P. G. (1947). J. Lab. din. Med., 32, 423. 

Levine, P., Katzin, E. M., and Burnham, L. (1941a). J. Amcr. ined. 
.•Ijj.. 116, 825. 

Levine, P., Burnham, L., Katzin, E. M., and Vogel, P. (1941b). Amer. 

J. Obslet. G.\ncc., 42, 927. 

Moloney, W. C. (1945). Brit. mcd. J., 2, 916. 

Race, R. R. (1947). Personal communication. 


APPENDIX 


NOTE ON THE WORKING OF POLYSTYRENE ROD 

BY 

T. E. TILMAN 
Assislaiit Engineer to the Hospital 


The polystyrene plastic is brittle, and melts if 
machined carelessly or if it is not continuously 
cooled. Soap suds must be run over it continu- 
ously when machining or drilling. For turning, the 
rod is wrapped with a single layer of thick paper 
and held in a chuck and turned at 300 revolutions 
per minute. The tool must be of a good grade of 
tool steel, ground as for a side tool with nose slightly 
rounded off with a slight lip, and stoned to a fine 
edge ; ordinary grinding does not produce a smooth 


finish. Light cuts must be taken and coolant used 
continuously. 

For drilling, a drilling machine or a lathe with 
instantaneous feed on a loose headstock must be used, 
since swarf chokes the flutes of the drill and leads 
to local melting. The drill is ground as for brass 
and honed to a keen edge ; it is fed lightly and cleared 
every 1/4 in. to 3/8 in., using a copious coolant. 

As much material as possible should be left, 
especially where holes are close together. 
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A SIMPLIFIED PRICE- JONES TECHNIQUE* 

BY 

J. G. HUMBLE 

Haematologist to the Westminster Hospital 

AND 

G. BELYAVIN 

Resident Assistant Pathologist, Westminster Hospital 
(RECEIVED FOR PUBLICATION. MA^', 1946) 

The measurement of the mean diameter of the The mirror is removed from the microscope, which 


red blood cells is still one of the most important 
observations that can be made. Unfortunately the 
most accurate method of measurement by the tech- 
nique introduced by Price-Jones is tedious and 
time-consuming. To trace the outlines of 500 cells, 
and then to measure the largest and smallest 
diameter of each, takes at least four hours. It also 
requires skill and practice. By the following tech- 
nique, derived from that of Hynes and Martin 
(1936), and of Price-Jones as described fully by 
Mogenson (1938), the mean diameter of 500 cells 
can be measured and recorded in under one hour. 
Furthermore, the apparatus used is that found in 
all laboratories. It may be set up in four minutes. 

Method and Material 

The film is fixed with Leishman's stain tor 1 min., 
rinsed with distilled water, and superstained with 
Field’s eosin (Field, 1941) for 5 seconds. It is then 
dried in the air. 

A “ Pointolite ” or similar lamp is used as a source 
of illumination. Any simple monocular microscope 
capable of being used in the horizontal position and 
fitted with a mechanical stage and oil immersion lens 
is used to project the image of the cells on to a series 
of rings drawn in indian ink on a white card mounted 
in a fiat wooden base (Plate IIo). The rings are drawn 
with a fine-pointed compass with intervals of 1 /2 mm. 
The range required is from 4.0 to 12 mm. A line 
50 mm. long is also drawn on the card for calibration 
purposes. 

The apparatus used should be set up in a darkened 
room on a horizontal bench which should be as flat 
as possible. 

• From the John Burford Carlill Laboratories. 


is placed in a horizontal position. The mirror is then 
held in a retort stand so as to reflect the light passing 
through the microscope on to the measuring rings 
laid on the bench (Plate Ilfc). The oil immersion lens 
is now used to adjust the magnification to x 1,000 by 
projecting the image of the side of a small square in 
the central ruled area of a thin Thoma-Zeiss haemo- 
cytometer (50 p) on to the prepared card on its board. 
The haemocytometer grid should have been darkened 
by smearing on a little Leishman stain and allowing 
it to dry. The card on its board is adjusted on the 
bench so that the image of the square lies on the 
50 mm, line. By altering the distance of the mirror 
from the object lens of the microscope the side of one 
square of the image is made to coincide with the 
50 mm. line. The magnification is then x 1,000. 

The stained blood film is now substituted for the 
haemocytometer and the image of the red cells is 
sharply focused on the card. By moving the card 
the cell diameters are measured by finding the ring 
which accurately contains the image of the cell. If 
the cell measured is not round, the ring chosen 
is that which is of such a size that the part out- 
side the ring would fit into the gap left inside the 
ring. 

In this way the diameters of as many cells as are 
required can be measured and recorded. The mean 
diameter and the standard deviation are calculated in 
the usual way. 

Comment 

The film should be as thin as possible and the 
part chosen for measurement should be where the 
red cells are not touching each other. 

It is not necessary to measure 500 cells in every 
case, for, as Mogenson points out, the reduction 





A SIMPLIFIED PRICE-JONES TECHNIQUE 


79 


of the standard error of the mean diameter ob- 
tained by increasing the number of cells examined 
from 200 to 500 is 7.2 per cent if the standard 
deviation is normal (up to 0.48) and only 19 J. per 
cent if the standard deviation is increased to 0.8. 

The magnification should not be much increased 
above x 1,000, for the distinctness of the image 
decreases the further the light has to travel. The 
resolving power of the microscope also puts a limit 
to the magnification that can usefully be employed. 


Summary 

A simple method of obtaining Price-Jones curves 
quickly and economically is described. 

Our thanks are due to Dr. Hansell. of the West- 
minster Hospital, Department of Medical Photo- 
graphy, for the two illustrations. 
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THE INHIBITION OF ACID PHOSPHATASES BY 
FORMALDEHYDE AND ITS CLINICAL APPLICATION 
FOR THE DETERMINATION OF SERUM 
ACID PHOSPHATASES 

BY 

M. A. M. ABUL-FADL 

AND 

E. J. KING 

From the Postgraduate Medical School of London 
(RECEIVED FOR PUBLICATION, DECEMBER 16, 1947) 


Introduction 

The presence of considerable amounts of an active 
phosphatase with pH optimum about 5, normally 
present in human prostate, was first described by 
Kutscher and Wolbergs (1935), Many other tissues 
and fluids of the body contain acid phosphatases in 
variable amounts, but these are small in compari- 
son with those found in the prostate and seminal 
fluid. 

Normal plasma and serum contain small 
amounts (1 to 4 units) of acid phosphatase. It was 
first observed by Gutman and Gutman (1938) that 
the concentration of the enzyme increases in the 
sera of patients with metastatic carcinoma of the 
prostate, presumably due to neoplastic invasion 
of lymph or blood channels, with the escape of the 
enzyme into the circulatory fluids. In many 
instances the increases are so great as to be clearly 
diagnostic ; but in some cases there are only slight 
increases such as are occasionally found in other 
diseases. In such cases, therefore, a method for 
measuring the prostatic fraction of acid phos- 
phatase is greatly needed. 

On account of the marked susceptibility of the 
prostatic phosphatase to inactivation by certain 
narcotics, including alcohols, which was first re- 
ported by Kutscher and Worner (1936), Herbert 
(1944, 1945, 1946) was able to devise a method for 
the specific estimation of prostatic phosphatase in 
serum. The basis of Herbert’s method is that incu- 
bation of serum or plasma with (two-fifths volume) 
absolute alcohol at room temperature for 30 
minutes completely destroys the prostate enzyme 
fraction but hardly affects the normal plasma acid 
phosphatase. 


During the course of a careful study of this 
method we have tried the effect of alcohol incuba- 
tion on serum acid phosphatase in a great number 
of cases of normal and non-prostate diseased 
persons. We have found that, while in many cases 
the serum acid phosphatase is not significantly 
affected by this alcohol treatment, yet in a good 
number of cases a marked inhibition is observed, 
for example in certain types of liver disorders and 
other diseases. In other cases the alcohol treat- 
ment leads to an actual, and unexplained, increase 
in the total acid phosphatase (cf. Appendix). 

This directed our attention to the possibility that 
this lability of the prostatic enzyme to the destruc- 
tive action of alcohol may be shared by other 
tissue phosphatases as well. It has been found 
that while many tissue acid phosphatases, in- 
cluding those of the adrenals, intestines, liver, 
spleen, etc., are not affected by alcohol incubation, 
the red cells, bile, and kidney enzymes are, on the 
other hand, seriously inhibited. 

The red blood corpuscles are second to the 
prostate in regard to their high content of acid 
phosphatase, and contain nearly one hundred 
times the amount present in plasma. King and 
others (1945) found the acid phosphatase of 
prostate and red cells to be similar in many 
respects. Including easy destruction by alcohol. 

Thus, for applying Herbert’s technique, the sera 
should be strictly free from any trace of haemo- 
lysis. This introduces great difficulty as it has 
been found in practice that the majority of samples 
of blood taken in the wards for analysis show 
variable degrees of haemolysis. Even when blood 
is taken with great care, unless the plasma is 
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separated as soon as possible, there is always the 
possibility of escape of the enz>’jne from the red 
cells into the plasma, even without detectable 
haemolysis. This has been found especially in 
eases when the corpuscles are abnormally rich in 
acid phosphatase. Many samples sent to the labora- 
tory showing apparent haemolysis have to be 
reported “ unfit for acid phosphatase determin- 
ation.” 

For the above reasons it is felt that there is a 
distinct need for a more reliable method, suffi- 
ciently simple to be adopted in routine work, giving 
results of definite diagnostic values in prostatic 
cases, and not influenced by the corpuscular or 
other body tissue enzymes other than those of the 
prostate. 

It has been found, after trying a series of organic 
substances belonging to many different groups, 
that formaldehyde answers many of these re- 
quirements. Under our experimental conditions, 
formaldehyde destroys completely the red-cell 
enzyme while not affecting the prostate enzyme to 
any appreciable degree. Other tissue acid phos- 
phatases are variably inhibited by formaldehyde, 
but none is found to be so sensitive to this reagent 
as the corpuscular enzyme. 

The normal serum or plasma acid phosphatases 
are also seriously damaged by formaldehyde. 
Thus, by applying, a very simple formaldehyde 
technique, we can always get the prpstatic fraction 
of serum acid phosphatase -free, or nearly free, 
from the other interfering acid phosphatases. 

Methods 

The King and Armstrong (1934) phenyl phos- 
phate method, as modified by Gutman and Gut- 
man (1938, 1941) for the estimation of serum 
acid phosphatase, has been followed in principle. 
Certain modifications are introduced to suit either 
Herbert’s technique or the proposed formaldehyde 
procedure, both of which are described here in 
detail. 

Reagents 

Acid citrate buffer. — pH 4.9. Disodium citrate, 
21.25 g., dissolved in 1 1. distilled water containing 
100 ml. N/10 HCl. The solution should be pre- 
served with 5 ml. chloroform and kept in the cold. 

Substrate. — M/50 disodium phenyl phosphate*: 
2.18 g. dissolved in 500 ml. distilled water. The 
solution should be brought quickly to the boil to 
destroy any organisms, cooled immediately, and pre- 
sers’ed with 5 ml. chloroform and kept in the cold, 

•Commercial sr>ecimcns of disodium may 

contain traces of free phenol, which add appreciably to the blank 
colour in the phosplutasc method. Any free phenol is easily pot 
rid of by washing the solid disodium phenyl phosphate with ether, 
nfier which it should be dried In the air. 

G 


Folin-Ciocalteu phenol reagent (1927). — Diluted 
1 in 3. 

25 per cent sodium carbonate (anhydrous) (w/v). . 
— ^This solution should be kept in a warm place. 

Standard-phenol-and-reagent. — (1 mg. phenol/ 
100 ml.) 5 ml. of stock standard phenol (100 mg./ 
100 ml.) is accurately measured into a 500-ml. volu- 
metric flask;- 100 ml, of dilute (1:3) Folin-Ciocalteu 
reagent is added, and water to the mark. 

Formaldehyde reagent. — (2 per cent formaldehyde 
solution.) 5 ml. of neutral formaline solution (40 per 
cent) is, pipetted into a 100-ml. measuring flask and 
diluted to the mark with distilled water. 


Procedures 

Fresh serum or plasma must be used, and examined 
with the visual spectroscope, if necessary, to be sure 
of complete absence of haemolysis whenever the 
alcohol procedure is to be adopted. 

Total acid phosphatase. — 1 ml. substrate and 1 ml. 
distilled water are pipetted into each of two centri- 
fuge tubes together with 2 ml. of the buffer solution. 
The tubes are allowed to remain in a 37'^ water-bath 
for three minutes to allow the contents to attain the 
temperature of the bath. After this time 0.2 ml. of 
the serum is added to one of the tubes and the enzyme 
hydrolysis allowed to proceed for exactly one hour, at 
the end of which time 1.8 ml. of Folin and Ciocalteu’s 
phenol reagent are added to each tube and 0.2 ml. of 
serum to the second tube. The two tubes are shaken 
and centrifuged, and 4 ml. of the supernatant pipetted 
into two test tubes. After the addition of 1' ml. of 
25 per cent sodium carbonate solution, the tubes are 
replaced in the water-bath for fifteen minutes to allow 
the colours to develop. The colour intensity is com- 
pared with that of a standard solution of phenol (i.e., 

4 ml. of standard-phenol-and-reagent and 1 ml. of 
sodium carbonate) which has-been similarly treated. 
A photo-electric colorimeter is used for this purpose, 
setting its zero with water, or, better, a blank of 3 ml. 
water, I ml. phenol reagent, and I ml. sodium carbo- 
nate solution (without serum), and using a red filter. 
The difference between the incubated and non-incu- 
bated samples gives the phenol formed by hydrolysis. 
A unit of acid phosphatase is defined as the amount 
of enzyme which will liberate 1 mg. phenol per 
100 ml. serum or plasma per hour from M/200 
disodium phenyl phosphate substrate at a pH near 

5 at 37° C. flf the colours are too deep for reading 
in the available colorimeter, the coloured solutions 
(test, control, blank, and standard) should be diluted 
to 10 ml. with water.) 


(I 


Calculation : 
6 


X O.w X ■ 


I«.r„r)_(T 


6 too, 


2 corurol J 




where T = re3ding of test; S = rcading of standard: 
0,04 = mg. phenol in the 4 ml. of standard-phenol- 
and-reagent; 6 = thc vol. of 1 ml. substrate-f-I ml. 
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\vater + 2 ml. buffer+0.2 ml. serum+1.8 ml. Folin- 
Ciocalteu ; 4 = the yol. of protein-free supernatant 
taken ; and 0.2=the vol. of serum. 

Alcohol inactivation. — ^To 1 ml. of serum or 
plasma, 0.4 ml. of absolute ethyl alcohol is added. 
After shaking, the tube is stoppered and the mixture 
allowed to stand for half an hour at room tempera- 
ture. Water (0.6 ml.) is added, and a sample of 
0.4 ml. of the opalescent mixture (corresponding to 
0.2 ml. of serum or plasma) is added to the warm, 
previously mixed, 2 ml. butfer-fl.O ml. substrate and 
0.8 ml. water to make a final volume of 4.2 ml. buffer- 
substrate-enzyme mixture. The procedure is then fol- 
lowed exactly as above for total acid phosphatase. 

Formaldehyde technique. — The procedure is exactly 
as described above under “ total acid phosphatase ” 
except that, in this case, 1 ml. formaldehyde reagent 
is added instead of the 1 ml. distilled water to the 
mixture of 2 ml. buffer and 1 ml. substrate solutions. 

All the following details are then the same. 


Experimental 

The Relative Content of “ Acid ” and 

“ Alkaline " Phosphatases in Some Human 
Tissues 

Since we are mainly concerned with the serum 
acid phosphatases, we thought it necessary to ex- 
amine the various body tissues which are believed 
to be responsible for the variation of this enzyme 
in plasma in health and disease. 

Although a good deal of work described in the 
literature has been carried out on various animal 
tissues in this connexion, very little has actually 
been done on human material. Normal adult 
tissues, without any apparent disease, were 
obtained from autopsy within 24 hours of 
death. After being freed from fat and other 
adhering extraneous tissue, they were carefully 


washed with normal saline and then with cold tap 
water until they were as free as possible from any 
blood cells. They were then dried by filter paper, 
weighed and ground with sand, and mixed inti- 
mately in a mortar with an equal weight of normal 
saline solution and 10 per cent (by volume) of a 
mixture of equal parts of toluene and ethyl acetate. 
After having been left to autolyse at room tem- 
perature for two or three days with occasional 
shaking, the mixtures were centrifuged and the 
supernatant liquids filtered clear through a 
Whatman No. 1 folded filter paper. 

Tissue extracts obtained in this way are always 
clear and free from any colour of bipod, and 
their enzyme activity corresponds to that present 
in the original wet tissue. They keep their 
activity unchanged for several weeks if kept in the 
ice chest. They should be diluted ten to twenty 
times, or even more in certain cases, with normal 
saline just before their activity is determined. In 
the case of the red cells, the freshly drawn blood 
was directly centrifuged, the plasma separated, and 
the red cells washed twice with normal saline by 
spinning and decantation. 1 ml. of washed red 
cells was lysed in 9 ml. water and the solution 
centrifuged. The clear supernatant was used 
directly for determining its enzyme activity. The 
prostate gland was decapsulated, freed from adher- 
ing tissue, cut into fine pieces, and ground with 
sand in a mortar with five times its weight of nor- 
mal saline solution. .A few drops of toluene were 
added but no ethyl acetate. The mixture was left 
at room temperature to autolyse for two or three 
days with occasional gentle rotating. (Vigorous 
shaking should be avoided as it may inactivate the 
enzyme.) The mixture was then filtered through 
filter’ paper. It was highly diluted (e.g. — 1,000 to 
5,000 times) before determining its enzyme activity. 


TABLE I 


alkaline and acid phosphatase of human tissues 


Tissue 

No. of 
specimens 
examined 

mg. phenol 

liberated/hr./l g. wet weight tissue 

Ratio 

alkaline/ 

acid 

Alkaline phosphatase 

Acid phosphatase 

Range 

Average 

Range 

Average 

Adrenal glands 

6 

25-38 

30 

2-5.5 

3.0 

10 

Bile from gall-bladder 

5 

10-23 

16 

0.3-7.0 

2.5 

6.2 

Intestinal tissue 

5 

49-72 

53 

2-3 

2.7 

20 

Kidney 

6 

12-24 

16 

6.5-18 

10 

- 1.6 

Liver 

6 

12-37 

14 

7-13 

9.7 

1.4 

Pancreas 

5 

0-6 

3 

3-11 

5.7 

0.5 

Prostate 

10 

0.1 -1.2 

0.5 

2,000-10,000 

4,000 

0.00025 

Red cells 

20 

0.6-2.5 

1.5 

8-25 

15 

0.1 

Spleen 

5 

10-17 

14 

4.5-8.5 

6.7 

2.0 

Thyroid 

4 

2-4 

3 

1.5-3 

2.0 

1.5 
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The phosphatase activity of these preparations 
was determined at two hydrogen ion concentra- 
tions ; namely, pH 5 and pH 10, using the above- 
described acid citrate buffer for the first, and 
alkaline carbonate-bicarbonate buffer (Delory' and 
King, J945) for the latter, with disodium phenyl 
phosphate as substrate. For the sake of compara- 
tive. study of the relative activity of the two 
enzymes at these two pH values, the buffer- 
substrate-enzyrhe mixtures were incubated for 60 
minutes at 37° C. The phenol liberated at the 
end of that time was taken as an index of the 
enzyme activity at the corresponding pH. 

Thus Table I gives the results expressed in mg. 
phenol liberated per 1 g. wet tissue per hour at the 
two given pH values. (No Mg was added.) 

Table I does not include the bone phosphatases, 
which, in the normal adult, are not expected to be 
of much activity. The intestines are the richest 
human source of alkaline phosphatase, followed 
by the suprarenals. The human kidney seems to 
be very poor in alkaline phosphatase compared 
with other animals’ kidneys, while the human liver 
appears to contain much more alkaline enzyme 
than that of other animals. 

As for the acid phosphatases, the prostate is 
unquestionably the richest source in the human. 
The only other animal in which it occurs in large 
amounts is the monkey and then only in the caudal 
lobe of the prostate, as shown by Gutman and 
Gutman (1939). The second tissue that is rich in 
acid enzyme is the red cell, although the difference 
is very great. Red cell phosphatase varies enor- 
mously in different individuals, for no known 
reason, but generally speaking it has been found lo 
diminish in activity with age. 

The human kidney, liver, pancreas, and spleen 
contain appreciable amounts of acid phosphatase. 

Effect of Alcohol Incub xtion and 
Formaldehyde Treatment on Different 
Tissue Acid Phosphatases 
The tissue extracts described above were sub- 
jected to both alcohol incubation and formalde- 
hyde treatment in the same way as described for 
scrum. Table II shows the result of several experi- 
ments carried out in this connexion on different 
tissue extracts. 

From Table 11 the inhibitory action of alcohol 
on prostate, bile, kidney, and red cells is evident. 

The failure to achieve 100 per cent inactivation 
of the prostate enzyme by alcohol incubation can 
be explained by the fact that we were working with 
enzyme solutions in normal saline. Herbert 
showed that certain conditions must be fulfilled in 


TABLE II 

EFFECT OF ALCOHOL AND OF FOR-MALDEHYDE ON ACID 
PHOSPHATASES 


Tissue 

preparation 

Acid 

phosphatase 

units/ 

100 ml.* 

Percentage inhibition 

After 

alcohol 

1 With 
jformaldehyde 

Adrenals . . 

.. 21-64 

0 

! - 12-25 

Bile 

1.5-34 

80-100 

! 20-50 

Intestines . . 

35-71 

0 

i 40-50 

Kidneys . . 

37-153 

17-62 

24-50 ■ 

Liver 

35-92 

0 

; 30-60 

Pancreas . . 

30-60 

0 

! 15-40 

Prostate . . 

25-300 

40-70 

1 0 

Red cells . . 

9-120 

40-55 

100 

Spleen 

17-127 

0 

44-52 

Thyroid 

20-75 

0 

25-40 


* Tnese fibres represent the enz>'ine activities of extracts of tissues 
at various dilutions prepared to give a convenient concentration of 
phosp^tase for accurate measurement. They do not represent the 
comparaih’c fn2>me contents of the tissues themselves. 

order to get complete inactivation of the prostate 
enzyme solution with alcohol incubation : for ex- 
ample, the presence of a sufficient bicarbonate 
concentration and other serum salts of weak acids 
and strong bases is essential. 

The destruction of the bile acid phosphatase 
with alcohol is especially striking, since that of the 
liver is not affected. It might be possible that this 
inhibition is indirectly due to certain other bile 
constituents affected by the alcohol incubation. 
Until both the liver and the bile enzx'mes are pre- 
pared in a purer state, we cannot decide if there is 
a real difference between them. 

Formaldehyde inhibits the different tissue 
enzymes to variable extents (20 to 60 per cent), 
but its 100 per cent inhibitory' action on red cells 
is remarkable ; likewise its complete lack of any 
effect on the prostatic phosphatase. 

The difference between the red-cell enzyme on 
the one hand, and the liver and spleen enzymes on 
the other, which was first described by Davies 
(1934), is further show-n here in regard to their 
behaviour towards alcohol and formaldehyde. 

Effect of Alcohol I.ncubation and 
For.m.xldehydeTreatme.vt on Normal Plasma 
and on Prostate and Red Cell Solutions in 
Plasma 

The following illustrations of the effect of alcohol 
incubation and formaldehyde treatment on normal 
plasmas alone, and on those to which prostate ex- 
tracts and rcd-cell solutions have been added, form 
the basis for the clinical application of these 
methods. 
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It has been shown by Herbert that in the case of 
alcohol incubation the behaviour of the prostate 
enzyme solution in normal saline differs from that 
in serum or plasma. It is more strongly inhibited 
when present in the latter state than when it is 
rherely in saline solution. Thus the question arises 
as to whether the prostate and red-cell enzyme 
solutions in water will behave differently to those 
in serum or plasma with regard to the formaldehyde 
treatment. The answer is found in Table III, from 
which it is seen that in plasma or serum media 
the formaldehyde still exhibits its strong inhibitory 

TABLE III 

EFFECT OF ALCOHOL AND FORMALDEHYDE ON PLASMA 
PHOSPHATASE ENRICHED BY THE ADDITION OF PROSTATE 
AND RED-CELL PHOSPHATASES 



Acid 
phos- 
phatase 
units/ 
100 ml. 

After 

alco- 

hol* 

incu- 

bation 

A0cr 

formal- 

dehyde 

treat- 

ment 

J . Normal plasma 

4.5 

4.0 

1.1 

. prostate ext. 

48.6 

6.3 

45.0 

,, ,, -t- prostate ext. 

73.5 

3.7 

69.7 

„ ,, -t- red cells soln. 

45.7 

17.3 

1.5 

2. Normal plasma 

6.0 

5.2 

1.5 

,, ,, -1- prostate ext. 

100.5 

6.7 

95.2 

,, „ + red cells soln. 

37.5 

24.0 

3.7 

,, ,, -j- red cells soln. 

66.0 

15.0 

3.2 

1 

3. Normal serum .. .. i 

3.0 

4.0 

1.5 

„ „ -f prostate ext. 

48.0 

3.0 

47.2 

■ ,, -f red cells soln. 

24.0 

13.2 

1.5 

4. Plasma . . . . . . 

3.5 

•4.6 

1.5 

,, -f prostate ext. 

49.5 1 

4.5 

47.5 

,, -b red cells 

■tIPM 

10.5. 

1.5 


action on the red-cell enzyme while not affecting 
at all the prostate phosphatase. 

Normal plasma phosphatases arc sensitive to 
formaldehyde but resistant to alcohol. The alcohol 
incubation seems to destroy totally the prostate 
enzyme in serum or plasma medium, while the red- 
ccll enzyme is only partly destroyed. 

The formaldehyde, however, provides a quanti- 
tative means for estimating the prostate enzyme in 
the presence of the red cell. This is clearly shown 
in Table IV, in which two solutions, one of prostate 
extract and the other of red cells, both of known 
enzyme activity, are mixed together in different 
proportions and subjected to formaldehyde treat- 
ment. The residual values after formaldehyde 
treatment always agree closely with those corres- 
ponding to the amount of prostate enzyme added. 
Table IV shows that a quantitative determination 

TABLE IV 

AGREEMENT BETWEEN THE CALCULATED AND DETER- 
MINED ACID PHOSPHATASE CONTENTS OF PROSTATE- 
RED-CELL MIXTURES 



Units/100 ml. 
solution 

Calcu- 
lated 
units of 
prostate 
enzyme 
in 

mixture 

1 

1 

Without 

formal- 

dehyde 

With 

formal- 

dehyde 

Solution (A) prostate ext. 

93 

93 


Solution (B) blood cells 

30 

0 


Mixture of (A) -f (B) 

1 

1 



1(A) -b 1(B) .. 

64.5 

48.0 

46.5 

1(A) + 2(B) .. 

51.5 

31.5 

31.0 

2(A) -b 1(B) .. 

73.0 

62.0 

62.0 


TABLE V 

INHIBITING EFFECT OF VARIOUS CONCENTRATIONS OF FORMALDEHYDE ON TISSUE ACID PHOSPHATASES 



Units/100 ml. 
before 
treatment 

Units/100 ml. after treatment with formaldehyde 

1% 

0.5% 

0.25% 

0.1% 

Normal serum 


1.5 

1.5 

3.3 

• 3.7 

Prostate extract . . 


140.0 

148.5 

150.0 

150.0 

Normal serum -b prostate 


39.8 

42.5 

43.5 

44.0 

Red cells in water 


0 

0 

0 

0 

Normal scrum -b red cells . . 

140.0 

0 

0 

12.0 

15.0 

24.0 

1.5 

1.5 

3.0 

3.5 

Adrenals 

21.0 

16.5 



- 21.0 ■ 

Kidney extract . . 

38.6 

20.5 

21.5 

22.6 

24.6 

Liver ,, 

35.5 

18.7 

21.4 

22.0 

23.6 

Pancreas „ 

13.5 

11.2 

11.2 


11.2 

Spleen ,, 

56.2 

24.1 

26.8 

27.5 
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of prostate and red-cell enzymes, when present m 
a mixture, can be easily effected. 

Effect of Various Concentrations of 
Formaldehyde on Different Acid Phosphatases 

The concentration (final) of formaldehyde, so 
far used in all the previous experiments, and which 
is suggested for use in routine work, is 0.5 per cent 
in the enzyme-substrate-buffer mixture. 

This concentration has been found experi- 
mentally to be the maximum that can be used with- 
out affecting the prostate enzyme, while producing 
its maximum inhibition of the serum acid phos- 
phatases. Table V shows the effect of various con- 
centrations of formaldehyde. The extreme sensi- 
tivity of the red-cell enzyme to formaldehyde is 
apparent. As little as 0.1 per cent of this reagent 
completely destroys small amounts of the enzyme, 
while inhibiting nearly 90 per cent red-cell prepara- 
tions of high phosphatase activity (for example, 
140 units/ 100 ml.). On the other hand solutions 
of formaldehyde stronger than 0.5 per cent affect 
the prostate enzyme. The plasma and serum acid 
phosphatases seem not to be inhibited beyond 
certain limits even with increase of formaldehyde 
concentration. The 0,5 per cent concentration of 
formaldehyde seems, therefore, to be just suitable 
for the purpose. 


Clinical Application 

The alcohol and formaldehyde techniques have 
been applied to a variety of plasmas and sera from 
different types of disease, covering 67 prostate 
cases, 24 cases of other tissue cancers, 15 cases of 
bone disease, 38 cases of liver disease, 16 cases of 
kidney disease, and 56 cases of other miscellaneous 
diseases. 

The majority of these samples were subjected to 
both formaldehyde and alcohol incubation pro- 
cedures, except in some instances where there was 
either shortage of material or where the samples 
showed slight signs of haemolysis. The majority 
of samples were collected from the Hammersmith 
Hospital, others from other London hospitals, and 
the sera and plasmas, which were separated as 
soon as the blood was received, were kept in the 
ice chest until the tests could be carried out 
(usually without delay). 

o Results and Discussion 

A synopsis of the results of the clim'cal applica- 
tion of both alcohol incubation and the formalde- 
hyde method to pathological sera and plasma is 
given in Table VI and the results appear in full 
in the appendix. 

For convenience the “ total acid phosphatase ’’ 
figures are classified into two main groups: 
“ normal values ” (those up to 5 units) ; and “ab- 
normal values ” (more than 5 units per 100 ml.). 


TABLE VI 

SUMMARY OF ACID PHOSPHATASE RESULTS 
(Total acid phosphatase units in roman type, formaldehyde-stable in italics) 


Number of cases with acid phosphatase in the range 


Diagnosis 

0 

to 

1.5 


3.1 

to 

5 

B 

7.1 

to 

10 

10.1 

to 

15 

15.2 

to 

20 

21 

to 

30 

31 

to 

40 

41 

to 

50 

i 

71 

to 

100 

>10 

Carcinoma of prostate with bone 

— 



1 

1 

2 

4 

2 


2 

_ 


4 

metastases (22)* 

4 



— 

3 

2 

2 

1 

1 

1 

- 

. 

4 

Carcinoma of prostate; no bone 

— 



4 

4 

3 







— 


I 

metastases demonstrable (22) . . 

5 



1 



1 





- 


___ 


1 

Senile hypertrophy, and retention 

— 



3 

2 



3 

2 

- 

■ 




with enlarged prostate (23) 

8 



2 

2 

— 

mm 

1 









Cancer of organs other than pros- 

— 


8 

5 

4 

4 

B 



■ 

- 




tate (24) 

9 


3 

— 





B 

___ 










Paget’s disease of bone (15) 

— 

4 

5 

4 

1 

1 

B 

- . 


- 






11 

1 

2 

1 






_ 






Obstructive jaundice (18) .. 

1 

2 

2 

7 

4 

1 

1 

- , 

— 

■ 


■ 



2 

7 

6 

2 

1 



. 






Other liver disease (hepatitis, cirrho- 

— 

7 

5 

I 

n 

1 

B 

1 








sis, etc.) (20) 

7 

6 

5 

2 













Nephritis (16) 

2 

7 

1 

3 

B 

2 







. 



7 

4 

3 

2 

■a 









Miscellaneous (56) 

5 

IS 

16 

6 

3 

3 

3 

2 








29 

20 

3 

4 



— 

— 


— 

— 

— 

— 

— 


Number oT esses. 
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, Prostate Cases 

The prostate cases examined, although not great 
in number, furnish a useful conclusion as to the 
successful clinical application of the formaldehyde 
technique. These cases are as follows ; 

Cases of carcinoma of prostate with bone 
metastases. — ^These are 22 in number ; 16 of them 
gave abnormal values (>5) for the total acid phos- 
phatase (73 per cent). Compared with the latest 
published results, Herbert (1946) found that about 
83 per cent of 35 cases of prostatic cancer showing 
bone secondaries gave acid phosphatase values 
above 5, while Woodard and Dean (1947) found 
72 per cent of 71 cases examined to give abnormal 
values. 

Considering the formaldehyde-stable fraction in 
cases examined in the present work, it is noted 
that 16 cases out of the 22 (73 per cent) gave values 
above 3 units, while 14 of the latter gave values 
above 5 units. This means that if wp adopt the 
figure 3 as the maximum permissible normal value 
for the formaldehyde-stable serum acid phos- 
phatase (see below), we still get the same percent- 
age of abnormal values. 

The formaldehyde-stable fraction in most abnor- 
mal cases coincides fairly well with the alcohol- 
labile fraction, that is, with the difference between 
the total acid phosphatase and the alcohol-stable 
fraction (except in a few cases where the alcohol- 
stable fractions were unexpectedly high). If the 
two figures (after both alcohol incubation and 
formaldehyde treatment) be added together, values 
very near to the original total acid phosphatase 
are obtained (see Appendix). 

The formaldehyde procedure provides a more 
reliable means of following the progress of cases 
under oestrogenic treatment than does the total acid 
phosphatase. High “ total ” values have shown a 
pronounced tendency to, fluctuation, whereas the 
formaldehyde-stable figures steadily decreased 
during the course of favourable responses to 
treatment. 

Cases of carcinoma of prostate without bone 
metastases (as shown by histological and radio- 
logical examination). — These arc 22 in number. In 
12 of them (55 per cent) the total acid phosphatase 
figures arc above normal (i.e., >5) ; while with 
formaldehyde only 7 (32 per cent) gave values 
above 3 units and only 3 (14 per cent) gave values 
above 5 units. In one case only was the acid phos- 
phatase very high (>100) : repeated radiological 
examination failed to reveal any evidence of bone 
secondaries, until, in the latest film, an apparent 
abnormality was noted in one of the lumbar 
vertebrae. 


Other prostate cases. — These comprise 23 cases 
of adenoma, acute retention with enlarged prostate, 
and senile hypertrophy. Most of these cases were 
examined radiographically and no evidence of bone 
lesion was found. The prostate growths were 
found histologically to be benign. 

Ten cases (45 per cent) showed abnormal total 
acid phosphatase values while 7 (32 per cent) gave 
formaldehyde-stable figures above, 3 units, and 6 
(27 per cent) gave values above 5 units. 

Non-Prostatic Cases 

Cancer of various organs. — In this group 
figures arc given for 24 cases of cancer of different 
organs other than the prostate. In some of these 
there were secondaries in the bones, and the 
akaline phosphatase in one case is very high 
(85 units). In many of the cases there is a tendency 
to an increased total acid phosphatase value, not 
necessarily, however, paralleled by an increase in 
the akaline phosphatase; for example, the highest 
total acid phosphatase value (15 units obtained in 
a case of cancer of bone) was accompanied by an 
akaline phosphatase of only 23 units ; while the 
case of -carcinoma of the bronchus, invading 
several organs including bone, with the very high 
alkaline phosphatase (85 units), had only 3.4 total 
acid phosphatase units. » 

Of the 24 cases examined, 13 gave abnormal 
total acid phosphatase values (that is, above 5 
units ; about 54 per cent). With the formaldehyde 
technique none gave values above 5 units, and only 
3 cases (about 12 per cent) gave values above 3, 
the highest of them being only 4 units. 

Paget’s disease of bone. — Fifteen cases of bone 
disease were studied. All of them were Paget’s. 
Five are moderately high and one high. In Paget's 
disease there is no parallelism between the total 
acid phosphatase and the increased alkaline phos- 
phatase values. 

It is known that the phosphatase of bone is 
very sensitive to an acid pH, and one would 
not, therefore, expect any activity on the acid 
side of neutrality from bone phosphatase pre- 
parations, however high their activity might be 
on the alkaline side. Consequently, any increase 
in acid phosphatase in bone disease should be con- 
sidered of non-osseous origin. In secondary carci- 
noma of bone, with the primary growth in organs 
other than the prostate, there might be a tendency, 
however, to high total acid phosphatase values. 
This was found to be the case in two sera ex- 
amined. But formaldehyde treatment reduced all 
values obtained in bone disease to a range from 
0 to about 3 (except in one Paget’s, where it was 
5.5). 
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Some authors are of the opinion that an ex- 
tremely high serum akaline phosphatase derived 
from bone may show, its activity slightly at the 
acid reaction. But formaldehyde will exclude this 
completely, as the alkaline bone enzyme is very 
sensitive to this reagent. In the one Paget's case, 
with an alkaline phosphatase of 140, and a for- 
maldehyde resistant phosphatase of 5.5 (out .of a 
total acid phosphatase of 7.5), the 5.5 value cannot 
be taken as a mere reflection of the very high 
alkaline'phosphatase of bone origin. Such elevated 
phosphatases must be of non-osseous origin. 

The possibility of the local production of acid 
phosphatases in tumours and abnormal active 
growths should not be neglected. Gutman and 
others (1936) observed that, in addition to alkaline 
phosphatase, acid phosphatase was markedly in- 
creased at the site of osteoplastic metatases 
secondary to carcinoma of the prostate gland. This 
was confirmed by Barringer and Woodard (1938). 
This acid phosphatase may be different from that 
of the prostate since it seems to be formaldehyde 
labile in most cases, as can be judged from the 
high total acid phosphatase levels, compared 
with the comparatively small formaldehyde-stable 
values, in cases of carcinoma of the prostate with 
bone metastases during treatment with oestrogens. 

Liver disease. — ^The most striking incidence of 
high values of non-prostatic acid phosphatases 
occurs in liver diseases. 21 cases out of the 
38 studied gave raised total values above 5 units. 
As has been previously pointed out, the bile acid 
phosphatase, which might account for some of the 
high values found in jaundice and other liver 
disease, is completely destroyed by the alcohol 
incubation and partially by formaldehyde. On the 
other hand the liver acid phosphatase is not 
attacked by alcohol and only partly by formalde- 
hyde. The results of alcohol incubation and 
formaldehyde treatment, shown in the table, 
suggest that the abnormal amount of acid phos- 
phatase present is derived both from the liver and 
from the bile, since it is only partly destroyed 
by both alcohol and formaldehyde in most cases. 

Although formaldehyde treatment does not 
furnish a complete differentiation in cases of 
liver disease which show a tendency towards 
elevated formaldehyde-stable values (reaching 7.5 in 
1 case), nevertheless it is still the most useful 
indicator we have (although some other means of 
sharper differentiation may eventually be found). 

Miscellaneous diseases. — The result of applying 
the inactivation methods to the serum acid phos- 
phatases in a variety of other diseases indicates 
that there is a tendency for an increased acid 


phospfiatase in some kidney cases. The alcohol 
incubation method affected quite a number of 
them. In a total of 53 cases (all free from 
haemolysis) subjected to the alcohol incubation 
method, 13 showed reduction of more than 1 unit. 

As regards the formaldehyde treatment, it is 
noted that out of the total of 72 cases examined 
by this technique, 60 (i.e., 84 per cent) of them 
gave formaldehyde-resistant values between 0 and 
3 units, while 6 (8 per cent) gave figures of 3 to .5, 
and 6 above 5 units. 

It is striking that in some cases, for example, of 
anaemia, there is a small total acid phosphatase 
which is totally resistant to formaldehyde. This is 
not necessarily to be taken as of prostatic origin, 
for it occurs in both male and female cases. There 
may be present in some tissues not yet shown .an 
acid phosphatase which is similar to the prostate 
enzyme in its stabih'ty towards formaldehyde, but 
which is not destroyed by alcohol. 

Conclusion 

The value of 5 units of total acid phosphatase, 
arbitrarily agreed upon by several workers as the 
maximum (normal figure) for non-prostate cases, 
has been exceeded in agood number of non-prostate 
cases. It is desirable to have a method giving a 
more restricted range in non-prostatic cases while 
not affecting the prostatic acid phosphatase. This 
has been satisfactorily found in the proposed 
formaldehyde technique. 

Although the number of cases examined (216 in 
all) is not great, yet we believe, we have sufficient 
data to support the following suggested limits for 
the formaldehyde-stable acid phosphatase: 

Normal values: from 0-3 units per 100 ml. 
serum or plasma. 

“Suspicious”; from 3.1-5 units per 100ml. 
serum or plasma. 

Prostatic; above 5 units per 100 ml. serum or 
plasma. 

In most cases the simple formaldehyde treatment 
will serve to distinguish between the high acid 
phosphatase of prostatic origin and those accom- 
panying other conditions. In a few cases this will 
not suffice, and Miss Herbert’s technique of 
alcohol treatment should then be employed. But 
experience seems to show that certain liver cases 
(and possibly some cases of bone disease) are the 
only instances where confusion with prostatic 
disease is likely to arise, and here an alkaline phos- 
phatase, together with other characteristic chemical 
and clinical tests, should resolve any ambieuitv 
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'In addition to being useful for the study of 
special and difficult cases, formaldehyde and 
alcohol have a definite utility, along with other 
inhibitors and activators, in attempts to differen- 
tiate the several acid phosphatases of the different 
tissues of the body. We have, evidence, for 
instance, of at least 2 acid phosphatases in most 
tissues and of there only being one in the prostate. 

Summary 

1. A study of the relative content of the acid 
and alkaline phosphatases of some human tissues 
has been made. 

2. The effect of alcohol incubation was tried on 
these tissue acid phosphatases, and it has been 
shown that while those of the adrenals, intestine, 
liver, pancreas, spleen,fand thyroid are not affected, 
those of the bile, kidney, red cells, and prostate, 
on the other hand, are seriously inhibited. 

3. The effect of formaldehyde on the acid 
phosphatases of prostate and other tissues, includ- 
ing the red cells, was studied under certain 
conditions. Its complete destructive action on the 
red-cell enzyme, and its lack of any effect on the 
prostate enzyme under the same conditions, are 
reported. The other tissue acid phosphatases arc 
variably inhibited, but none is similar to the red- 
cell enzyme in being completely inactivated. 

4. The introduction of a formaldehyde technique 
in routine determinations of the serum or plasma 
acid phosphatase is suggested, and a method 
described. 

5. The alcohol incubation method and the 
formaldehyde technique were applied to 216 patho- 
logical sera and plasmas, including prostate cases 


and other cases of a wide variety of diseases. The 
results arc discussed, and limits for the formal- 
dehyde-stable fraction of serum acid phosphatase, 
for what, should probably be considered non- 
prostate, arc suggested. 

6. A high acid phosphatase after formaldehyde 
treatment (above 5 units) strongly suggests a pros- 
“tatic origin (values >3 arc “ suspicious "), and in 
most cases it gives useful information for distin- 
guishing between raised values due to the presence 
of prostatic phosphatase, and those of different 
origin. An alcohol incubation test gives further 
confirmatory evidence in doubtful cases. 

7. The formaldehyde technique permits the use 
of haemolysed sera or plasmas which are otherwise 
unfit for acid phosphatase determination. 

Wc are indebted to Dr. E. P. Shnrpey-Schafer, Dr. 
Jean Walk/nson. Dr. G. A. Harrison, Dr. N. F. Mac- 
lagan, Dr. G. Discombe, Dr. F. T. Prunty, Prof. J. R. 
Marrack, and Dr. J. Goodie for samples provided. 


References 

B-irringer, B. S., .nnd Woodard, H. Q. (1938). Trans. Amcr. Ass. 

Kcn.-urin. Siirr;., 31, 363. 

Davies, D. R. (1934). Bioclinn. J.. 28, 529. 

Delory, G. E., and King, E. J. (1945). Biochem. J., 39, 245. 

Folin, O., and Ciocaltcu, V. (1927). J. hiol. Chem., 73, 627. 

Gutman, A. B., and Gutman, E. B. (1938). J. din. Invest., 17, 473. 
Gutman. A. B.. and Gutman, E. B. (1939). Proc. Soc. exp. Biol., 
W.n, 41,277. 

Gutman, E. B., and Gutman, A. B. (1941). Proc. Soc. e.xp. Blot., 
Mr., 47, 513. 

Gutman, E. B., Sproul, E. E., and Gutman, A. B. (1936). Amcr. J. 
Cancer, 28, 485. 

Herbert, F. K. (1944). Biochem. J., 38, xxiii. 

Herbert, F. K. (1945). Biochem. J., 39, iv. 

Herbert, F. K. (1946). Quart. J. Med., ■\S,22\. 

King. E. J., and Armstrong, A. R. (1934). Canail. ined. Ass. J., 31, 
376. 

King, E. J., Wood, E. J., and Dclory, G. E. (1945). Biochem. J., 39, 
xxiv. 

Kutschcr, W., and Wolbergs, H. (1935). Hoppe-Seyl. Z., 236. 237. 
Kutseber, W., and Worncr, A. (1936). Hoppe-Seyi, Z..'239, 109. ' 

Woodard, H. Q., .and Dean, A. L. (1947). J. Urol., 57, 158, 


APPENDIX J 

PLASMA ACID PHOSPHATASE (TOTAL, ALCOHOL-STABLE, AND FORMALDEHYDE-STABLE) IN PATHOLOGICAL SERA 



Acid phosphatase 
j (units/100 ml.) ' 

Alkaline 
phos- I 
phatase , 
(K.A. 
units/ 
100 ml.)| 
1 

1 

Case 1 

/ 

Total \ 

Alcohol- 
stable j 

Formal - 1 
dehyde 1 
stable 

Notes 


PROSTATE Cases (67) 

Carcinoma of prostate with bone metastases (22) 


1 

14.1.47 

— 

— 

— 

— 

Admitted to hospital. 
Very ill 

20.1.47 

119 

19 

II9 

127 

10 mg. oescradiol 
(i.m,) + 20 mg.siilb- 
oestrol (0.) daily 
for 8 days 

29.1.47 

55 

5.8 

49 

120 

Little improvement 

4.2.47 

39 

— 

33 

128 

40 mg. stilbocstrol 
daily for 10 weeks 

26.2.47 

17 

— 

11 

86 

Improvement 

3.3.47 

17 


12 

76 


10.3.47 

17 



11 

142 


14.3.47 

23 



6.0 

180 


17.3.47 

13 


0 

150 


19.3.47 

9.0 

— 

1.5 

118 

Intermittent oedema 

23.3.47 

9.0 


4.5 

105 

26.3.47 

7.5 

— 

3.0 

58 

Condition cased 

2.4.47 

8.2 


3.7 

65 

9.4.47 

3.0 

— 

1.8 

44 




Acid phosphatase 
(units/lOO mU) | 

Alkaline 
phos- 
phatase 
(K.A. 
units/ 
100 mf.) 


Case 

Total j 

Alcohol- 

Stable 

Formal- 
dehyde- 1 
stable 1 

Notes 

I (contd.). 

pROSTATr CASES (67) {continued) 

Carcinoma of prostate with bone metastases (22) (contd.)‘ 

17.4.47 i 

22 


6.6 

48 

Liver enlarged 

24.4.47 1 

14 



7.3 

43 

200 mg. stilbocstrol 

1 

1.5.47 1 

17 

22' 1 

5.1 

40 

orally daily for 30 
weeks 

8.5.47 

21 

23 

5.1 

43 


12.5.47 

8.2 

8.0 

2.1 

39 


15.5.47 

9.2 

10 

3.7 1 

38 


22.5.47 

12 

— 

3.5 

36 


29.5.47 

13 

— 

5.0 

36 


5.6.47 

tl 



3.0 

45 


12.7.47 

4.7 

3.7 

2.2 

33 

Discharged on 200 

23.8.47 


— 



29.9.47 

9.5 

11 

1 

0 1 

9.6 

mg. stilbocstrol 
daily. Greatly im- 
proved, able to 

1 walk 

Liver not palpable 

29.10.47 

6.0 

6.0 

3.0 1 

13 

( 

1 Condition still good 




' Alkab'ne > 
phos- f 
; phatase 
(TC.A» 
units^ 
100 ml.) 


VARIOtS ORGANS (24) 



17 4.6 

18 4.5 
1.2 





j 

r 1 

'J 


i 

f 1 



1 


1 

1 5 




Stilboestrol 


1 7 

treatment 

1 

, 8 
‘ 9 



! 10 
; *1 


( 

1 

! 12 
n 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

1 

• 

1 

1 

1 


9.0 10 

2.2 3.6 






Cancer of bladde 


breast with 
metastascs. 
breast 
bronchi 


pancreas 

ocsophagxjs 

recnim 
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! 

f Acid phosphatase 

(units/100 ml.) 

1 

' Allcahne 
phos- 
phatase 
(K.A. 
units/ 
100 mi.) 


Case 

i 

1 

1 Total 

Alcohol- 

stable 

Formal- 

dehyde- 

stable 

Notes 


Acid phosphatase 
(units/IOO ml.) 

Alkaline 

phos- 

phatase 

(K.A. 

units/ 

Total 

Alcohol- 

Formal- 

dehyde- 


stable 

stable 

100 ml.) 


Notes 





MISCCLLAN 

ECUS DISCA 

SES 



MtSCE 

.LAN^OUS 

DisnAsr.s (c 

ontlnuccl) 

1 

6.0 


3.0 


Anaemia 

36 

4.8 

4.2 

' 3.0 

17 

Mclaena 

2 

1.5 

1.5 

1.5 




37 

1.8 

1.3 

0 

6.6 

Myeloid leukaemia 

3 

6.0 

4.5 

3.0 



Anaemia haemolytic 

38 

25 

17 

0 

14 

4 

3.8 



1.5 

17 


39 

4.5 

4.5 

2.2 

— 

My.\oedcma 

5 

3.6 

7.8 

2.4 

6 


40 

1.5 


0.4 

— 

»» ! 

6 

16 


5.2 



M and oedema 

41 

12 

8.0 

6.0 

— 

Nephritis 

7 

1.2 

1.2 

1.2 

19 

pernicious 

42 

II 

II 

3.7 

— 


8 

1.8 

1.8 

1.8 

— 


43 

2.5 

— 

0.8, 

— 

,, 

9 

5.0 

3.8 

1.4 

— 

splenic 

44 

2.3 

9.7 

1.5 


,, 

10 

1.8 

2.6 

0.3 

— 

Arthritis 

45 

2.2 

2.1 

0.8 

— 

• 1 

II 

1.8 

1.2 

0.7 

— 


46 

1.8 

1.8 

0.7 

— 

,, 

12 

1.6 



0 

— 

„ (rheumatic) 

47 

1.7 

1.7 

1.7 

— 


13 

24 

19 

1.8 

17 

Bronchopneumonia 

48 

8.7 

6.7 

5.3 

— 

chronic 

14 

8.7 


1.5 




49 

5.3 

3.8 

1.5 

— 

*• t» 

15 

6.2 



1.8 



Cystitis 

50 

2.0 

1.5 

1.5 

— 

»» »• 

16 

2.3 

2.3 

1.4 

11 

Diabetes 

51 

1.8 

4.2 

1.8 

9.6 

»« tr 

,17 

2.0 

. 0.5 

0.5 

— 

„ and uraemia 

52 

3.5 

3.5 

2.0 

— 

Nephrosis 

18 

3.5 

2.8 

2.8 

— 

Dysurca 

5.^ 

6.0 

6.7 

1.8 

— 

Toxaemia ol pregnancy 

19 

3.8 



2.3 

— 

Epididymitis 

54 


1.2 

1.2 

— 

»• »* 

20 

4.8 

4.2 

2.0 

5.5 

Fracture 

55 

1.5 

1.5 

1.5 


It H 

21 

3.7 

3.7 

2.2 



Gout 

56 

1.2 

1.2 

0.3 

— 

Papilloma of bladder 

22 

8.7 

7.5 

1.5 


Heart failure 

57 

3.3 

— 

1.9 

— 

23 

4.2 



0 

10 

n »» 

58 

3.0 

4.5 

0 

18 

Peritonitis 

24 

2.2 

2.0 

0.7 




59 

16 



5.2 



Pyloric ulcer 

25 

2.5 



1.6 

— 

„ and hyper- 

60 

12 

— 

6.6 

48 

Stcatorrhoea 






tension 

61 

3.8 

3.5 

I.S 

60 

Stenosis, mitral 

26 

12 

— 

6.0 



Haemorrhage 

62 

1.5 

— 

1.5 

— 

27 

2.2 

1.5 

1.8 ■ 

— 

accidental 

63 

15 

9.8 

3.4 



Stricture, urethral 

28 

2.3 

1.5 

I..3 



64 

2.6 

1.8 

1.8 



Sprue 

29 

17 

19 

4.5 

— 

H.iematemesis 

65 

3.7 

1.5 

0.8 


Hypertension 

30 

7.5 

6.8 

3.0 


Haematuria 

66 

1.7 

2.2 

0.4 


Thyrotoxicosis 

31 

4.7 

3.3 

2.7 


67 

1.3 


0.4 


Ulcerative colitis 

32 

. 2.4 

1.8 

0 

34 

Hodgkin's disease 

68 

3.8 

3.8 

1.1 

10 

Undiagnosed 

33 

5.9 

8.5 

3.1 

12 

Hypertension 

69 

2.7 

6.0 

2.0 



34 

2.2 

— 

0.7 

20 

Hypertensive heart 

70 

4.5 


0 








disease 

71 

2.7 


0.7 

II 

*• . 
Uraemia 

35 

7.0 

7.0 

3.0 


Hydronephrosis 

72 

6.0 

3.0 

1.5 








73 

2.1 

1.4 

1.0 

17 

Wilson’s disc.nse 
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A QUANTITATIVE PRECIPITATION TEST FOR SYPHILIS 

• / BY 

I. N. ORPWOOD PRICE 

Vener2al Diseases Reference Laboratory, Medical Research Council 
(rechved for publication, march 26, 1947) ' 


- In February, 1946, luider the title of “A Prelimin- 
aO’ Report on a Modification of the Kahn Test” 
(Price, 1946a), the author described a modification 
of the Kahn test, the advantages of which were 
stated to be: (1) that the results are more easily 
read than those of the Kahn test; (2) the results 
given by antigens prepared at different times and 
having different titres are identical ; (3) the results 
obtained by this test appear to be somewhat more 
specific than those given by either the Kahn or 
Wassermann reactions. After more than 3,000 
tests there seems to be no reason to modify these 
opinions. ' 

One major disadvantage remained, that is, the 
difficulty in the preparation of the alcoholic extract 
of dried heart muscle according to Kahn’s technique. 
If, moreover, one considers the production of the 
dried heart powder itself, the manufacture of Kahn 
antigen is outside the scope of most pathological 
laboratories. It is, therefore, desirable from all 
points of view to attempt to prepare an antigen 
which can be made in any laboratory’, is specific in 
action, reasonably sensitive, and easy to handle. 

Experimental 

The starting point was the standard cholesterolized 
alcoholic extract of heart muscle used in the Harrison- 
Wyler (1929) technique of the Wassermann reaction. 
The lipoids were precipitated as described in the previous 
paper, and an attempt was made to work out a predpita- 
tion titre (Price, 1946b). Unfortunately, whilst positive 
sera gave fairly strong reactions all the negative serum 
and saline tubes contained a faint precipitate which was 
thought to be due to excess of cholesterol. 

Accordingly, in the next experiment, Wassermann 
reaction alcoholic heart extracts containing varying 
quantities of cholesterol from 0.05 to 0,3 per cent were 
used. The precipitation titres obtained with the various 
antigens were; 

W.R. alcoholic extract4-0.05% cholesterol 1 to O.S saline 
,, ,, ,, 0.1% ,, Itol.Osaline 

,, ,. ,, 0.2% „ ltol.4saline 

,, „ „ 0.3%* „ no titre ob- 

tainable; fine 
precipitate in 
all tubes. 

'It should be pointed out that cholesterol at oa ttor cent strength 
in the alcoholic extract required heat at 37” C. to cfTect solution and 
on regaining room temperature the cholesterol precipitated out from 
the solution. 


\\'hen these antigens were tested by the method of 
optimal proportions (Price, 1946b), the best results were 
obtained when the ratio of serum to antigen was 5 to 1 
and the precipitate of lipoids from 1 ml. of the heart 
' extract (cholesterolized) obtained by .using the precipita- 
tion titre was suspended in 0.6 ml. of saline. On the 
other hand, when used in a test, the less the alcohoh'c 
extract was cholesterolized the larger became the pre- 
cipitates obtained with positive sera. Thus the best 
reaction was obtained with the alcoholic extract of heart 
muscle containing 0.05 per cent cholesterol. 

Plain uncholesterob’zed alcohoh'c extract of ox heart 
was then used as an antigen in the manner already 
described for the cholesterohzed extracts. The results 
of these experiments are summarized in Table I. 

TABLE J 


! I Serum titre 

Alcohoh'c extract of ox I Precipita- | of reacting 


heart 9 ml. to the gramme ; 

tion litre j 

serum 

Plain 

: 0.8 ml. saline 

1 to 1 ml. 

1 heart extract 

so units 

Plain -f 0.05% cholesterol 1 0.8 ml. saline 

! SO units 

Plain -f 0.1% cholesterol 

1 1.0 ml. saline 

40 units 

Plain -f 0.2% cholesterol 

' 1.4 ml. saline | 20 units 

i i 


It is evident thatcholesterol as a sensitizer of this tv-pe 
of antigen was unimportant and could be omitted. 
'The Wassermann reaction alcoholic extract of heart 
muscle used in the above experiments was obtained by 
extracting fresh wet ox heart muscle, cleaned from fat, 
with 9 ml. of absolute alcohol per gramme of muscle for 
24 hours at 37° C, After filtration the alcoholic extract 
was placed in the ice chest (4° C.) for twenty-four hours 
and then refiltered. 

■Variations in the method of extraction were now 
investigated. Wet ox heart muscle vvas extracted for 
twenty-four hours, three days, and five days at 37° C. 
and at room temperature for three and five days respec- 
tively. All these extracts gave idenu'eal predpiiation 
titres, and if cholesterol were added in the various 
amounts mentioned above (0.05 per cent, 0.1 per cent, 
0.2 per cent) the precipitation titres varied accordingly. 
Funhermorc, if serum quanu'tativc tests on positive sera 
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were carried out using the same serum for each antigen, 
the unit values obtained varied in a similar manner to 
those obtained with the original extracts. In short, the 
method of extraction did not afi'ect the precipitation 
reaction. 

During these experiments it was noticed that when 
heat was employed in the extraction a deposit of crystals 
separated out from the alcoholic extract after, about six 
weeks. These crystals could not be removed by filtration 
or centrifogalization, and they interfered with the reading 
of the tests as it was found that all tubes contained a fine 
deposit when examined with a x 6 lens. Up to the time 
that crystals started to appear there was no interference 
with the test and they were regarded as a non-specific 
by-product of the heat-induced alcoholic extraction. As 
a result of these experiments the use of heat in the 
alcoholic extraction of the heart muscle was abandoned 
and extraction at room temperature was adopted as the 
routine method. 

Hitherto all extracts had been prepared by- extracting 
one gramme of the ox heart muscle with 9 ml. of absolute 
alcohol. The next step was to ascertain what cfiect, if 
any, varying amounts of absolute alcohol per gramme of 
wet ox heart muscle would have on the quality of the 
antigen. The amounts used were 2.5 ml., 5 ml., and 
15 ml. per gramme respectively. The results arc shown 
in Table II. 


The titrations given in the table below were repeated 
several times and the results obtained were always 
identical for the precipitation titres. At the same time 
unit values of sera of .dificrent strengths always bore 
the same proportion. 

From these experiments it was concluded that 

1. An alcoholic extract of ox heart obtained by 
using 2.5 ml. of absolute alcohol per gramme 
of muscle is useless as an antigen in this test. 

2. The best results arc obtained when an extract 
obtained by using 5 ml. of absolute alcohol per 
gramme of ox heart muscle is used. 

3. The addition of cholesterol to the alcoholic 
extract of heart muscle in amounts of 0.05 per 
cent had no sensitizing action. Above this 
amount it inhibits the sensitivity of the extract 
as an antigen.' 

4. Whatever amount of absolute alcohol per 
gramme of ox heart is used to prepare an anti- 
gen, the best results arc always obtained by 
using the plain extract without the addition of 
cholesterol. 

It now remained to be shown which extract is the 
most sensitive antigen. Since plain alcoholic extracts 


TABLE II 


Each gramme of wet ox heart 
muscle extracted by 

Antigen 

t 

Precipitation titre in 
t terms of normal saline 
to each ml. of heart 
extract 

1 

Value of 
given serum 
(in units) 

2.5 ml. of absolute alcohol 

Plain extract 

None obtainable : pro- ! 
cipitatc in all tubes 

— 

Plain extract -p 0.05% cholesterol 

>» >> 

— 

Plain extract -b 0.1% cholesterol 

• 1 

99 >> 1 

1 1 

— 

Plain extract -f 0.2% cholesterol 

99 9 9 


5 ml. of absolute alcohol . . . . 

Plain extract 

0.6 ml. 

320 

Plain extract 4- 0.05 cholesterol 

0.6 ml. 

320 

Plain extract -(- 0.1% cholesterol 

0.8 ml. 

80 

Plain extract -b 0.2% cholesterol 

1.0 ml. 

40 

15 ml. of absolute alcohol 

Plain extract . . . . . . . . 

1 

0.8 ml. 

20* 

Plain extract -b 0.05% cholesterol 

1.0 ml. 

20 

Plain extract -f- 0.1% cholesterol , 

1 

1.2 ml. 

20 

Plain extract -b 0.2% cholesterol 

1.6 ml. 

[ 20 


•Whilst this titre could not be read at higher than 20 units, the precipitate was somewhat heavier than those given by the other 
antigens in the same class. 
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of ox heart muscle had always proved the most 
sensiti\'e of their group (with or without cholesterol 
added), the three plain extracts obtained by using 
5 ml., 9 ml., and 15 ml. of absolute alcohol respec- 
tively per gramme of heart muscle were used as 
antigens in parallel with different sera of varying 
strengths. Many hundreds of sera were tested, but 
Table III gives a sample of ten sera tested at the 
same time. 

The ten sera shown in the table were unselected 
except in so far as they came.from one batch of sera 
tested by the Wassermann reaction. Of the antigens 
employed, it will be seen that that obtained by extract- 
ing 1 g. of ox heart muscle with 5 ml. of absolute 
alcohol is the most sensitive, whilst between the 
other two there is little to choose. These 
results' were repeated many times with similar 
results. 

To conclude the experimental work the sensitivity 
of the antigen as described in the first paper was 
compared (Price, 1946c) with the sensitivity of the 
antigen prepared in the above manner. More than 
1,000 sera were tested in parallel, and it was found 
that sera yielding 0 units with the one antigen 
always gave a similar result with the other. On 
the other hand, when sera yielding positive results 
were encountered, considerably higher values were 
given by the latter antigen than by the former. 
This may perhaps be best shown in the form of a 
graph (Fig. 1). 


UNITS 



Fig. l.—jfO Plain alco- 
holic heart ex- 
tract antigen used. 
(11) Antigen pre- 
pared from Kahn 
extract. 


The Test Proper 

The above experimental work is a continuation of 
that contained in the first paper (Price, 1946a), and 
the test about to be described, henceforth referred 
to as the P.P.R.*" for syphilis, is based on the 
technique as set- out therein. 

Apparatus required — ^The necessary apparatus is 
as follows: Wassermann tubes 5 cm. x 1.25 cm.; 
Wassermann racks to hold tubes; pipettef to fold 
5 volumes (0.11 ml.); droppersf to held 5 volumes 
(0.1 1 ml.), for saline used in conjunction with Donald's 
dropping apparatus; I volume (0.022 ml.); shaking 
apparatus, 280 oscillations per minute. 

•Price’s Precipitation Reaction. 

tThe above volume (0.D22 ml.) is purely arbitrarj* and was 
adopted since the neccssai>' pipette and droppers 5\cre already 
employed in Harrison Wyler technique of the Wassermann reaction 
(M.R-C, report 1929) used in this laboratory. In addition it ensured 
a reasonable economy of serum and antigen. 



0 units 


10 units 



320 units 

160 units 

320 units 

40 units { 

160 units 

40 units 

■ 


0 units 


5 units 


40 units 


40 units 


Positive 


Positive 


Positive 


Positive 


Negative 


Positive 


Positive 


Positive 


Positive 


Pos:ti\-e 


10 


40 units 


5 






































94 


/. N. ORPWOOD PRICE 


Preparation of tlic alcoholic heart extract. — ^An ox 
heart obtained from a freshly killed beast is obtained, 
stripped of fat, cut into small pieces, and weighed. The 
muscle is ground in a mortar for one minute with a few 
ml. of the alcohol and glass powder. TJie mixture is 
then transferred to a suitable glass-stoppered bottle and 
the mortar washed out with a further few ml. of the 
alcohol, the washings being then poured into the bottle- 
Sufficient alcohol is now added so that the bottle contains 
5 ml. of alcohol for every gramme of heart muscle. The 
bottle is well shaken for a few seconds and placed in a 
' dark cupboard or box for three days at room tempera- 
ture, being shaken two or three times each day. At the 
end of this time the contents of the bottle are filtered 
■ into another glass-stoppered bottle, which is then placed 
in the ice chest (4° C.) for 24 hours. Finally, whilst 
still cold, it is refiltered into a bottle of brown-coloured 
glass (to exclude light). The very pale-lemou-coloured 
filtrate is then ready for use. 

Precipitation litre, — ^Before the antigen can be 
prepared for use in the test proper, the precipitation 
titre must be determined. This is done as follows. 
Four mixtures of I ml. of the alcoholic heart extract are 
made with respectively 0.4 ml., 0.6 ml., O.S ml., and I ml. 
of normal saline. The mixtures should be made by 
gently pouring the alcoholic extract down the inside of 
the small tube containing the saline and then pouring 
back into the tube which originally contained the extract. 
Gentle but thorough mixing is obtained by pouring and 
repouring seven times in all. The mixtures are allowed 
to stand for 30 minutes. The precipitate which forms in 
each tube is packed tightly into the bottom of the tube 
by centrifugalization (2,000 r.p.m.) for ten minutes, at 
the end of which time the supernatant fluid can be 
removed without fear of loss of any of the precipitate. 
The tubes are allowed to drain for five minutes by 
standing in the inverted position. Normal saline 
(0.6 ml.) is added to each precipitate, and thorough 
mixture obtained by means of a Wright’s capillary 
pipette. Thus four antigens arc obtained, and these arc 
titrated by adding one volume of each antigen to five 
volumes of known moderately positive serum, one 
volume to five volumes of normal serum, and one volume 
to five volumes of saline. After five minutes on a shaking 
machine, 1 ml. of saline is added to each tube. The rack 
containing the tubes is gently agitated and the results 
read by means of a x 6 lens and a slit lamp. The pre- 
cipitation titre is indicated by the tubes showing no 


precipitate and containing the antigen obtained by 
adding the Ic.ast amount of saline to I ml. of the alcoholic 
heart extract. These tubes containing no precipitate 
arc of course always in the normal scrum and saline rows. 
The tubes containing moderately positive scrum arc not 
essential for the titration but arc included for the sake 
of completeness. 

This titration may be summarized as in Table IV. 
From the Table it is clear that the least amount of 
saline to be added to 1 ml. of the alcoholic extract 
(5 ml. to the gramme) of ox heart muscle in order 
to obtain a suitable antigen is 0.6 ml., and this 
constitutes the precipitation titre. It is a matter of 
experience that, although very many of these 
extracts have been titrated, the precipitation titre 
has always been 0.6 ml. of normal saline to 1 ml. of 
the alcoholic extract of ox heart muscle. Further- 
more, once this titre is determined for any. given 
extract it remains constant. The amount of normal 
saline (0.6 ml.) added to the precipitate to form the 
antigen has already been determined by the method 
of optimal proportions (Price, 1946b). 

Preparation of antigen for use in the test 
proper. — Having ascertained the precipitation titre 
as 0.6 ml. of normal saline to 1 ml. of heart extract, 
a simple proportion sum will give the amounts of 
each reagent to mix to produce the amount of 
antigen necessary for a given number of tests. The 
practice in this laboratory is to make up enough 
for at least a week’s work. To make 42 ml. of the 
antigen (enough for 300 to 400 serum tests) add 
20 ml. of the alcoholic heart extract to 12 mi. of 
normal saline. This operation is performed by 
measuring 20 ml. of the alcoholic extract in one 
50 ml. centrifuge tube and 12 ml. of normal saline 
into a similar tube. The alcoholic extract is first 
poured on to the saline, and then the mi.xture is 
poured back and forth six times, subsequently being 
allowed to stand for 30 minutes. (It is of the utmost 
importance that the alcoholic extract be poured oit 
to the saline in the first instance, otherwise a very' 
fine non-speeific precipitate is apt to appear in all 
tubes of the test. This may confuse the readings, 


TABLE IV 


Alcoholic extract 
of ox heart 5 ml. 
to 1 g. 

Normal saline 
added to obtain 
precipitate 

Saline added to | 
precipitate to 
form antigen 

Reaction precipitate 

Syphilitic 

serum 

Normal 

scrum 

i 

j Saline 

I ml. 

0.4 ml. 

1 0.6 ml. 

+ 


± 

1 ml. 

0.6 ml. 

0.6 ml. 

-f-f 

Nil 

Nil 

I ml. 

i 0.8 ml. 

1 0 6 ml. 

H--f ! 

Nil 1 

Nil 

1 ml. 

1 1.0 ml. 

1 0 6 ml. 

i ; 

-f-± 1 

Nil 1 

Nil 
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especially at the end-points of quantitative tests.) 
At the end of this time the precipitate which has 
.formed is swung to the bottom of the tube by 
centrifugalization (2,000 r.p.m.) for 10 minutes. 
The supernatant fluid can then be poured off with 
safety and any remaining fluid allowed to drain out 
by placing the tube for five minutes on a filter paper 
in the inverted position. Any fluid still left on the 
sides of the tube can be wiped off with a towel and 
12 ml. of normal saline added to the precipitate at 
the bottom of the tube. The mixing of the precipi- 
tate and the saline is accomplished by means of a 
Wright’s capillary pipette, and the resulting suspen- 
sion is transferred to a brown glass bottle either 
xvith a glass stopper or vulcanite screw cap. Tinfoil 
stoppers are to be avoided, since the antigen is acid 
enough to set up a reaction with the metal. In order 
to avoid infection of the made-up antigen, 0.022 ml. 
of sodium azide, 6.8 per cent, is added to each ml. 
of the suspension. When not in use the antigen 
should be kept in the ice chest at 4° C. In addition 
the antigen pipette should have a cotton-wool plug 
at the teat end and should be rinsed out with aceione 
and dried before use. If kept thus, the antigen 
remains active for months. 

Sera. — ^The sera to be tested are obtained in 
exactly the same manner as those subjected to a 
Wassermann reaction and are inactivated for thirty 
minutes at 56° C. 

Screen Test 

Each serum to be tested has two tubes allotted to 
it. Into one is put 5 volumes of neat serum and into 
the other 5 volumes of serum diluted 1 in 2 with 
saline. When testing large numbers of sera it is 
advisable to use the saline dropper in conjunction 
with Donald’s dropping apparatus. This will deliver 
automatically five volumes of saline per drop, and 
this five volumes of saline can be rapidly .delivered 
into each tube of the back row. Five volumes of 
the appropriate neat serum can then be added to 
each of the respective tubes of the front and back 
rows, five volumes from the latter being discarded 
after thorough mixing.* One volume of antigen is 
now added to all tubes necessary for the batch of 
sera xmder test. 

Screen Test 

Tube 2 5 volumes of serum 

diluted I in 2 
1 volume of antigen 

•II had b?tn hoped to make the acrcen reaction a one-fubc test 
usinR neat scrum alone. With capcn;ncc it v.as found that some 
strongly reactlnc sera contained too much rcapin for the amount of 
antigen employed, thus suppressing the precipitation reaction. This 
rone phenomenon can be overcome successfully by using the two-iubc 
technique. 


Tube 1 5 volumes of neat 

serum. 

1 volume of antigen. 

The rack containing the tubes is placed for five 
minutes in a shaking apparatus (280 oscillations per 
minute). Subsequently 1 ml. of normal saline is 
added to each tube. ’The contents of the tubes are 
now well mixed by gentle agitation of the rack, and 
the results read by means of X 6 lens and the slit 
lamp. When reading results the tube should be held 
on the slant and the particles, if any, looked for in 
the elliptical disc formed by the top of the fluid. 
The lowest positive reading is recorded if small 
discrete greyish particles of similar size are seen. 
Stronger reactions cause a greater number of par- 
ticles which agglutinate and form a greyish-white 
precipitate, whilst the strongest reactions result in 
particles easily visible to the naked eye. These 
particles appear as large white fiocculi. In tubes in 
which no reaction takes place the fluid contains no* 
particles and is of a uniform clarity. 

The sera giving negative results are recorded, and 
those giving positive results are dealt with by means 
of the quantitative test. 

Quantitative Test 

The quantitative test is set up on the principle of 
diluting the serum by a series of twofold dilutions. 

Four tubes are allotted to sera giving weak 
reactions, and eight tubes to those giving strong 
reactions. All tubes except the first receive five 
volumes of saline, and if large numbers of positive 
sera are to be dealt with it is advisable, to use the 
saline dropper in conjunction with Donald’s 
dropping apparatus. TTie first and second tubes 
each receive five volumes of the serum to be tested. 
The contents of tube 2 are well mixed, and five 
volumes are carried over to tube 3. The mixing and 
carrying is repeated from tube to tubs in serial order 
until the last one is reached, when five volumes of 
the mixture are discarded leaving five volumes of 
this dilution in the tube. Thus the scries of tubes 
allotted to each serum contains one of neat serum, 
and dilutions from I in 2 to 1 in 128 depending on 
the number of tubes used. All tubes now receive 
one volume of the antigen and are shaken for five 
minutes on the shaker. 

Strongly Reacting Quantitative Test 



Serum 




5 volumes of s: 

:rum diluted 


Tube 4 

1-8 

Tube 5 

1-16 

Tube 3 

1-4 

Tube 6 

1-32 

Tube 2 

1-2 

Tube 7 

1-64 

Tube 1 

N’cat scrum 

Tubes 

I-I28 
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With high titre senims the dilutions may have to be 
carried further. 

One ml. of saline is then added to each tube by 
means of the simple apparatus shown in Fig. 2. 


^JOZZLE 





— r- 

SPRING Q 

IML 







GLASS BARREL LENGTH 6' 

RUBBER 

BUNG 

Fig. 2 


LOCK NUT 


The barrel of the apparatus holds appro.ximatcly 
30 ml. of saline, and each time the plunger is pushed 
home against the spring 1 ml. is delivered through 
the nozzle when once the locknut on the plunger 
inside the small syringe has been suitably adjusted. 
This simple apparatus saves much time and labour. 
Mixing of the contents is ensured by gentle agitation 
before reading with X 6 lens and slit lamp. The tube 
containing the highest dilution of the serum which 
gives the lowest positive reading (that is, small 
discrete greyish particles of similar size seen in the 
elliptical disc at the top of the slanted tube) is noted. 
From this the number of units is calculated. For 
example, if the tube containing neat serum is the 
only one to show any particles (this is the lowest 
positive reading) the titration is recorded as 5 units 
on the grounds that no semm test is proven to be 
sensitive enough to demonstrate the extreme limits 
' of the small amounts of reagin present in some 
syphilitic sera. If, on the other hand, the highest 
dilution of serum recording a positive reaction is 1 
in 64, then the titre of the serum is recorded as 
320 units. Occasionally sera from patients suffering 
from florid secondary syphilis or multiple gummata 
record positive readings above the eight-tube 
dilution, the record so far being the tenth tube 
(2,560 units). 

Thus the readings of the test are recorded in terms 
of units such as 0, 5, or multiples of five, and are 
designed to give a rough idea of the relative activity 
of the disease. 

Cerebrospinal Fluid 


This test has been adapted to testing the cerebro- 
spinal fluid, and, although the numbers tested as yet 
are relatively small, no fluid has been met which 
recorded any degree of positivity with the Wasser- 
mann reaction and failed to record a positive P.P.R. 
for syphilis. 

The technique is similar to that used with the 
scrum, and is as follows : 

By the principle of optimum proportions it has 
been ascertained that the best results are obtained 
when 15 volumes of cerebrospinal fluid are used 
with I of antigen. 


Screen test , — Each cerebrospinal fluid has one 
tube allotted to it, into which one volume of antigen 
and 15 volumes of ccrebro.spinaI fluid arc placed 
and .shaken for five minutes. At the end of this time 
0.5 ml. of saline is added to each tube, the contents 
of which arc mixed by gentle agitation and the 
results read in the manner described for sera. All 
positively reacting fluids arc put up for a quantitative 
test. 

Quantitative test. — ^Each cerebrospinal fluid is 
allotted eight tubes. All tubes excepting the first 
receive fifteen volumes of saline, and the first and 
second tubes receive fifteen volumes of cerebro- 
spinal fluid each. ■ Serial dilutions of from 1-2 
to 1-128 arc made by mixing and carry'ing over 
fifteen volumes from tube to tube until the last is 
reached, when, after mixing, fifteen volumes of the 
mixhirc are discarded. Thus each positive cerebro- 
spinal fluid has a series of tubes containing fifteen 
volumes of the neat fluid and fifteen volumes of a 
series of dilutions from 1-2 to 1-128. Eaeh tube 
now receives one volume of the antigen and is 
shaken for five minutes, and subsequently 0.5 ml. 
of saline is added. Mixing of the contents of the 
tube is secured by gentle agitation and results read 
and recorded in the same manner as for sera. 

Cerebrospinal fluids require no treatment and are 
suitable for test provided they are reasonably free 
from foreign matter. The highest recording from a 
cerebrospinal fluid to date is 160 units. 

Results 

Over 8,000 routine tests have been done in parallel 
with the Wassermann reaction and Kahn test, with 
extremely satisfactory results. In order to assess 
the value of this test as against the Wassermann 
and Kahn tests, the results of 2,936 routine parallel 
tests have been examined. These tests were the 
yield of three months’ routine testing and are 
unselected. The results were as follows: 

Agreements 

Negative reactions . . 2,459 (83.7%) 

Positive reactions .. 358 (12.2%) 

Total . . 2,817 (95.9%) 


Disagreements 119(4.1%) 

Of these the following analysis may be made: 
Group 1. P.P.R. negative 

Wassermann reaction negative 
Kahn reaction positive 66 sera. 
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Croup 2. P.P.R. 

positive 


Wassermann reaction 

negativ'e 


Kahn reaction 

positive 

50 sera. 

Group3. P.P.R. 

positive 


Wassermann reaction 

negative 


Kahn reaction 

negative 

1 serum. 

Group 4. P.P.R. 

negative 


Wassermann reaction 

positive 


Kahn reaction 

negative 

1 serum. 

Group 5. P.P.R. 

positive 


Wassermann reaction 

positive 


Kahn reaction 

negative 

1 serum. 


Examination of the case cards of those patients 
whose sera gave conflicting results reveals that they 
were grouped into the following six types of case: 

1. Primary Syphilis untreated . — In this group 
there were 3 sera, all of which recorded positive 
■Kahn tests. One serum reacted positively with the 
P.P.R. and negatively with theWassermann reaction, 
whilst two sera gave negative results with these two 
tests. 

'2. Latent syphilis treated . — ^TTiis was the largest 
class, consisting of 95 sera. All the patients had 
been treated with penicillin followed by arsenic and , 
bismuth. All the sera recorded negative Wasser- 
mann reartions. There were 3 results which were 
possible false positive Kahn reactions. For the 
rest, the noticeable feature was that usually the 
Wassermann became negative first, then the P.P.R., 
which was followed a month or two later by the 
Kahn test. A reversal of a negative P.P.R. to 
positive occurred on only two occasions. 

3. Latent syphilis untreated . — In this group 
there were only two sera, both of which recorded 
negative Wassermann reactions, but positive P.P.R.s 
and Kahn tests. 

■' 4. Old cured syphilis . — One serum was tested 
from a patient who had had syphilis in 1924. He 
came up for a check blood test, but showed no signs 
or symptoms. In a series of three tests done within 
a month the Kahn was positive on one occasion, 
whilst the Wassermann and P.P.R. were negative 
at each testing. 

5. Patients attending for treatment for gonor- 
rhoea . — ^There were 12 of these sera, 9 of which 
recorded negative Wassermann and P.P.R. reactions, 
but positive Kahns. Of these 9 patients, who were 
under observation for months, none revealed any 
clinical or serological esidence of s>'phnis, apart 
from the Kahn test. The remaining 3 were problem 
sera. One gave pwrsislently positive Kahn and 
P.P.R. results with negative Wassermann reactions 


over a period of three months. He was given 
150,000 units of penicillin at the outset of his gonor- 
rhoeal infection, but after two months there was no 
evidence of syphilis. He remains under obsewation. 
Patient 2 was a coloured patient who reported that 
he had had yaws as a youth. He attended with 
gonorrhoea and received 150,000 units of pem'cillin, 
followed by a further 200,000 units. Over a period 
of three months he persistently recorded negative 
Wassermann and posith'e Kahn and P.P.R. reactions. 
There was no clinical evidence of syphih's, and he 
remains imder observation. Patient 3 attended with 
gonorrhoea, recording a negative Wassermann but 
a positive Kahn and P.P.R. There was no evidence 
of syphilis and he w'as given 150,000 uiu'ts of 
penidllin. Six days later his blood recorded all 
three tests as positive. Unfortunately the patient 
defaulted so no opinion could be given, but possibly 
he had a double infection of gonorrhoea and 
syphilis, the latter being first detected by the P.P.R. 
and Kahn tests. 

6. Sera from patients in whom no evidence of 
venereal disease was found . — There were six of 
these sera, all of which recorded negative P.P.R. and 
Wassermann reactions but positive Kahn tests. 
None of these patients whilst under observation 
revealed any evidence of sy'pbilis in spite of repeated 
clim'cal examination and blood tests. 

PtuMARV SypHnis 

In order to ascertain how soon after infection the 
P.P.R. becomes positive, the case records of all 
patients attending the Whhechapel Clinic and 
suffering from untreated primary sj'philis during a 
period of six months were examined. The number 
totalled 80. Spirochaeta pallida had been demon- 
strated in the primary lesions in all cases. 

Although it is difiicult to be certain of the exact 
date of the infecting exposure, it was thought to be 
of sufficient interest to attempt to ascertain how 
soon after an exposure a positive P.P.R. would be 
recorded. Of 38 patients in the first four weeks 
after exposure, the serum of 19 (50 percent) recorded 
a positive P.P.R. Of 29 patients in the fifth to eighth 
week after c.\posure the sera of 16 (55 per cent) 
recorded positive P.P.R. reactions. Finally, of 13 
patients in the ninth to twelfth weeks after exposure 
the sera of 7 (53 per cent) recorded positive P.P.R. 
reactions. It should be noted that the parallel 
Wassermann reactions and Kahn tests were identical. 

Cerebrospinal Fluid 

During this investigation a total of 284 cerebre- 
spinal fluids were tested in parallel with the Wasser- 
mann reaction. Of these, both tests recorded 13 


H 
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positive and 271 negative reactions. Tlie highest 
unit value yet recorded by the test with cerebrospinal 
fluid was 160, and it appears that values of 5 to 
10 units suggest a condition of tabes dorsalis, whilst 
higher values are more typical of fluids obtained 
from patients suffering from general paralysis of the 
insane. 

Comment 

Whilst this examination of results is not regarded 
as exhaustive, it does seem to show that the P.P.R. 
is at least as sensitive as the Wassermann reaction 
and somewhat more specific than the Kahn test. 
Thus, of 9 patients suffering from gonorrhoea and 
6 in whom no signs of venereal disease were dis- 
covered, all recorded negative P.P.R. but positive 
Kahn tests. These latter seem to be false positives, 
particularly as the Wassermann as well as the P.P.R. 
reactions were negative. They represent 15 (12 per 
cent) out of the total of 119 conflicting results 
recorded by parallel Wassermann, Kahn, and P.P.R. 
reactions respectively, or 0.5 per cent of the total 
number of sera (2,936) examined. Of these same 
sera only 2 appeared to give false positive P.P.R. 
reactions. 

Consideration of the results obtained by this 
test suggests that the quantitative test gives some 
indication of the activity of the disease. In general 
terms it may be said that the greater the number 
of units recorded by a serum, the more active is tire 
spirochaetal infection. Sera from patients suffering 
from florid secondary syphilis or multiple gummata 
always record a high unit value, and the cerebro- 
spinal fluids from patients suffering from general 
paralysis of the insane record higher readings than 
the cerebrospinal fluids of tabetics. 


Summary 

1. The experimental work underlying a scrum 
precipitation test for syphilis is given. 

2. The preparation of the alcoholic extract from 
the raw ox heart is described. This operation is 
well within the capacity of any moderately well- 
equipped laboratory'. 

3. The preparation of the antigen from the alco- 
holic extract of ox heart and its standardization for 
use in the test is given in detail. 

4. The screen test as described is simple, speedy, 
reliable, and easily read. 

5. The method for the quantitative test is given; 
the test gives some idea of the activity of the disease. 

6. The testing of cerebrospinal, fluids (which 
require no prior preparation) is shown to give 
results equal to those of the Wassermann reaction. 

7. The results of 2,936 routine parallel tests with 
the Wassermann and Kahn tests are examined. 

I would like to express my indebtedness to Mr. Tweed, 
senior technician to the V.D. Reference Laboratory, 
and to Dr. Wilkinson, assistant pathologist to the 
Whitechapel Clinic, for much help in the routine work 
of this investigation. 
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CHLORAL HYDRATE PLATES FOR THE INHIBrnON 
OF SWARMING OF PROTEUS 

BY 

E. HARPER GILLESPIE 
Public Health Laboratory Service, Leicester 

(RECEn'ED FOR PUBLICATION, JULY 17, 1947) 


In routine bacteriology the swarming of Proteus 
on plate cultures often masks the identity or 
presence of other bacteria which may be present. 
Mixed cultures including Proteus are often ob- 
tained from open wounds or sinuses following 
abdominal or chest operations, so that unless some 
special selective medium is used it is usually im- 
possible to identify or to isolate other bacteria 
from a culture containing Proteus. , Frequently 
;8-haemolytic streptococci are missed in such 
cultures, and thus one often fails to identify an 
organism causing some infection which may have 
become secondarily infected with Proteus. 

Numerous methods have been published for the 
inhibition of swarming of Proteus on culture plates, 
the simplest being the use of 6 per cent agar 
(Hayward and Miles, 1943). This high concentra- 
tion of. agar often leads to technical difficulties in 
preparation, and if the plates are not sufficiently 
dried, or if a very moist specimen is inoculated, 
Proteus is not necessarily prevented from swarm- 
ing. Many chemicals have been incorporated in 
agar to make selective media, the most popular 
method being that of adding 1 / 5,000 sodium azide 
(Snyder and Lichstein, 1940). Unfortunately, 
when sodium azide blood-agar plates are used the 
blood tends to haemolyse and the plates do not 
keep satisfactorily before use. Jones and Handley 
(1945) described a satisfactor)’ highly selective 
medium for the isolation of Salmonellae from 
material contaminated with Proteus. 

In 1931 Kramer and Koch reported the results 
of their experiments using 14 different types of 
media for the inhibition of swarming, and showed 
how the addition of chloral hydrate prevented the 
swarming of Proteus. In this country the practical 
use of chloral hydrate plates appears to be little 
known except in certain laboratories : this paper 


has therefore been written in order to bring it to 
the knowledge of everj’one as being a practical 
method. 

After certain preliminary experiments it has been 
found that chloral hydrate in a final concentration 
of 1/1,000 in nutrient agar or blood agar inhibits 
the swarming of Proteus but allows good growth of 
Proteus and of most other bacteria. E.xperience 
with the method coincides with that of Kramer and 
Koch, who found that practically all bacteria pro- 
duced tj'pical colonies. One great advantage is 
that it allows good growth of /9-haemolj'tic strepto- 
cocci, and also permits the production of fi haemo- 
lysis, which thus enables one to detect and isolate 
single colonies from cultures heavily infected with 
Proteus. It is an advantage to incubate the plates 
for a full 24 hours, although after 18 hours the 
P haemolysis of haemolytic streptococci can usually 
be detected with ease. 

On 1/1,000 chloral hydrate plates colonies of 
Proteus appear as discrete colonies from 1 to 2 mm. 
in diameter, so that if necessary one can pick off 
single colonies of Proteus and also single pure 
colonies of other bacteria from mixed cultures. 
This is an advantage over media which inhibit the 
growth of Proteus, as on them colonies of other 
bacteria need not necessarily be pure, as the Proteus 
bacilli just fail to grow but lie dormant and live on 
the plate. Weaker concentrations, such as 1 / 1,500, 
allow the colonies of Proteus to become large and 
semi-confluent, making it difficult to isolate other 
types of colonies present. At 1/2,000 slight 
spreading occurs. 

Stronger concentrations inhibit the growths of 
Proteus and of other bacteria, but also inhibit the 
production of P haemolysis on blood-agar plates 
by haemolytic streptococci. 
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Preparation of Plates 

The method of preparation of chloral hydrate plates 
is simple. A stock 10 per cent solution of chloral 
hydrate is made in distilled water and an appropriate 
amount added to the medium to give a final strength 
of 1/1,000. It is an advantage to make several plates 
at one time, adding the chloral hydrate to the bulk 
base at the time of pouring the plates, otherwise a 
very small volume must be added to the medium for 
each plate. It is not necessary to sterilize the stock 
solution, as it is apparently self-sterilizing at this 
strength, but it is an obvious advantage to exclude 
bacteria, especially spore-bearers, by using sterile dis- 
tilled water. If preferred, the stock solution may 
be autoclaved without interfering with its inhibitory 
properties. Once the plates are poured they should 
be dried in the usual way, but not overdried. 

The chloral hydrate blood-agar plates may be 
stored in the refrigerator for a week before use with- 
out the occurrence of haemolysis. Any stored plate 
should be dried in the incubator for about half an 
hour before inoculation. 

Kramer and Koch report having found occa- 
sional batches of blood-agar plates giving atypical 
growths, but over the last three years no very un- 
usual growth has been found as long as the cor- 


rect percentage is accurately added to the media. 
Slight increase in the concentration due to the 
inaccurate addition of too small a volume of stock 
solution will lead to irregular results. 

Conclusions 

1. Chloral hydrate in a final concentration of 
1/1,000 in nutrient agar or blood-agar plates in- 
hibits the swarming of Proteus. 

2. The chloral hydrate in the strength recom- 
mended permits the growth of Proteus as single 
colonies 1 to 2 mm. in diameter. 

3. Chloral hydrate in this strength allows the 
production of P haemolysis on blood-agar plates 
by haemolytic streptococci. 

4. Chloral hydrate plates permit the identifica- 
tion and isolation in pure culture of bacteria from 
mixed cultures contaminated with Proteus. 
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Illaminants and Illumination for Microscopical 
Work. Monograph III of the Quekett Microscopical 
Club. By F. E. Ockenden. London. Williams and 
Norgate: for the Quekett Microscopical Club, 1947. 
Pp. 26. Frice 2s, 6d. net. 

Most microscopists know little of the principles 
which determine the choice of illuminants and 
illumination for microscopical work. The third of 
the Quekett Microscopical Club’s monographs should, 
therefore, be of considerable interest to all those who 
use the microscope and are anxious to obtain the 
best critical illumination possible. 

Before light sources are discussed, various terms 
and definitions are given, such as “ Candle ” (sym- 
bol I), “ the standard of Intninons intensity,” “ Hux ” 
(symbol F) and “ foot candle ” (f.c.), a special case 
of the more general unit of illumination, and “ lumens 
per unit ” (symbol E). The reader is then introduced 
to the ideas and importance of directions and “ mean 
spherical ” candle-power and colour temperature. 
Closely related to the subject of colour tempera- 
ture is the spectral sensitivity of the human eye. 
The high sensitivity of the eye and also of the 
. selenium (barrier layer) photoelectric cell for green, 
combined with the large proportion of this radiation 
normally available, is the reason why a wavelength 
of 0.55 u is so popular. The peen filter is not only 
very comfortable for long periods but the relatively 
short wavelength transmitted helps to procure the 
maximum possible resolution for an objective of 
given aperture. The advantages of photoelectric cells 
both of the vacuum and selenium or barrier layer 
pattern are fully discussed. .The chief disadvantage 
is that the response to both the blue and the red is 
relatively too high. An extensive survey of illumi- 
nants, including daylight, is provided and many 
important tips are given such as the fact that the 
life of tungsten filament lamps may be prolonged if 
one or two low-voltage taps in the transformer are 
available. Thus a transformer nominally rated at 
6 V may have additional terminals rated at 5, 4, and 
even 3 V. The life of a lamp when connected to 
the 5-V tapping is increased two to threefold and 
that on the 4-V tapping is almost unlimited. Pro- 
jection lamps are an important type of illuminant : 
they range from the simple motor-iar headlight, rated 
at some 24 W, to the multiple filament pattern with 
ratings of 50 to 500 W. In the ribbon filament type 
the spiral construction is avoided. Finally the illumi- 
nating system is discussed and consideration is given 


to the arrangement of the microscope substage and 
ancillary apparatus with low, medium, and high 
power, and high intensity illumination — the KShFer 
system. 

This monograph is so full of important data that 
it might well find a place among those few books 
which the pathologist must keep m'thin easy reach 
of his working bench. 

G. M. FlNDtAY. 

Recent Advances in Pathology. By Geoffrey Had- 
field and Lawrence P. Garrod. London. J. and A. 
Churchill. Fifth edition, 1947. Pp. 361. 60 illustra- 
tions- Price 21s. net. 

Much new material has been fitted into the present 
edition without disturbing the plan or size of this 
well-known book in the “ Recent Advances ” series. 
Illustrations, mostly excellent photographs, are in- 
cluded where most needed. But in a subsequent 
edition a plate more in keeping with the others 
should be found to illustrate arsenical dermatitis 
and cancer (Fig. 9). 

The chapter on nephritis, based as it is on the' pub- 
lished work of ElUs, is greatly improved, and it is 
hoped that present concepts on renal damage may 
prove to be as near the truth as it is possible to get. 
Liver disease in the fight of present knowledge is 
carefully reviewed, but the term “homologous serum 
hepatitis,” though in common use, surely deserves a 
more appropriate synonjm. 

Much new work has been done on the relationship 
of enzymes and hormones to the cancer problem. 
Most of the available data has been carefully sifted 
and edited. The conclusion is drawn that malignant 
disease is due to intracellular disturbance, in nature 
chemical or even “microbic.” 

The chapter on ductless glands, contributed by 
Dr. E. F. Scowen, is a clear exposition of the facts. 
The author is at pains, and rightly, to differentiate 
between (!) hormones proper and (2) hormonally 
active substances recovered from the urine even 
though chemical constitution of the latter suggests 
a specific organ origin. It is not true to state 'that 
any given hormone is the prerogative of any one 
gland. 

The subject index is carefully arranged and the 
name index should be a most valuable aid to biblio- 
graphy. 

Msgnus H.stnxs. 


We regret to announce the death of Dr. E. ff. Creed, Director of Pathologv' at King's College 
Hospital, London. An obituary' notice will appear in the May issue. 
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ABSTRACTS 

/ 

This section of the Journal is published in collahoration with the two abstracting journals. 
Abstracts of World Medicine, and Abstracts, of World Surgery, Okstctrics and Gynaecology, publishdi, 
by the British Medical Association. In this Journal some of the more important articles on subjects 
of interest to clinical pathologists arc selected for abstract, and these are classified into four sections : 
bacteriology ; biochemistry ; haematology ; and morbid anatomy and histology. 


BACTERIOLOGY 

Isolation of Poliomyelitis Virus from the Throats of 

Symptomless Children. Howe, H. A., and B odian, D. 

(1947). Amer. J. Hyg., 45, 219. 

'Poliomyelitis virus was isolated from 1 of 3 patients 
suffering from the disease and from 1 of 6 juvenile con- 
tacts but from none of 5 adult familial or 7 juvenile and 
6 adult extrafamilial contacts of these cases. Virus was 
found in the throats of 2 out of 28 healthy children 
frequenting a neighbouring playground. One year later 
these cliildren had developed antibodies to the virus 
isolated from them. J. B. Ellison. 


An Outbreak of Diphtheria in a Highly Immunized Com- 
munity. .Fanning, J. (1947). Brit. tued. J. ,1,7)11. 

A small outbreak of diphtheria developed in a girls’ 
school where 94% of the children had been immunized. 
Eight pupils developed diphtheria during the half-term 
holiday, but swabbing showed no carriers in the school 
itself. Two clinical cases later developed in non- 
immunized children, and after Schick-testing (read at 
24 hours) 53% were recorded as Schick-positive and 
passivcly'immunized by injecting 0.3 ml. of A.P.T. and 
500 units of antitoxin. In spite of this 4 more cases 
developed, and reswabbing showed 8 carriers of C. 
diphtheriae. Further cases occurred during the next 
holiday, and 3 months after the onset of the epidemic 
swabbing of the school gave negative results. A further 
dose of A.P.T. was then given to all children. It is 
recommended that boosting doses of diphtheria prophy- 
lactic be given every 3 years during school life to 
maintain immunity. 


The Agglutinative Reaction for Hcmopliilis Pertussis 
Following Whooping Cough and Following Immuniza- 
tion. deGara, P. F., and Mayer, S. A. (1947). J. 
Pccliat., 30, 171. 

In this investigation of agglutination reactions for 
Haemophilus pertussis, scrum was collected from 130 
children aged 1 to 12 years and comprising 4 groups: 
(1) children with a histoiy of pertussis 3 months to 11 
years previously; (2) children who had had a prophy- 
lactic course of pertussis vaccine 6 weeks to 9 years 
before; (3) children who had had a Course of pertussis 


antigen, “tri-immunol”; (4) controls with no history 
of pertussis or prophylaxis. The results of the agglutina- 
tion reactions in each group arc shown in the diagram. 



Ol I I I 1 

NO OF 38 17 

CASES 

KEY-aTITRES» l-.ISO- I'SIZO i'miGh’ 
iaTITRES= 1-20- 1-80 .'LOW* 

OTHRLSt: 0-1=10 .'NEGATIVE* 

It is concluded that agglutination reactions are of 
lirnited value in determining the state of immunity of a 
child who is alleged to have had pertussis. Prophy- 
lactic vaccination is followed by a high agglutinin litre 
in a majority of cases. M. MacGregor. 


Typhoid Fever in Vaccinated Laboratory Workers. 

Headicke, T. A. (1947). J. infect. Dis., 80, 113. 

A brief account is given of four cases of mild and 
atypical typhoid fever in vaccinated laboratory workers 
engaged in typhoid research and the preparation of 
typhoid vaccine. 

Diagnosis in each case was confirmed by positive blood 
culture. The agglutination results in two cases showed 
H-titres rising from zero to 320 and 0-titrcs rising from 
zero to above 1 ,000. The inoculation history indicated that 
both patients had received full immunizing courses of 
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vaccine with booster doses within 6 months of the onset 
of the disease. After reviewing some recent literature on 
typhoid in inoculated individuals the author concludes 
that tjTJhoid vaccine, where it does not prevent infection, 
so modifies the condition that the clinical manifestations 
are atypical and the course of the disease is mild except 
in massive infections. H. J. Bensted. 


Human Glanders ; Report of Six Cases. Howe, C., and 

MiLiER, W. R. (1947). Ann. intern. Med., 26, 93. 

Six cases of laboratory workers engaged in research 
with Malleomyces mallie are reported. The incubation 
period was estimated at between 10 and 14 days, and the 
route of infection was probably the respiratory tract. 
Organisms were not recovered in spite of numerous 
attempts, but agglutination titres rose above I in 320 
in 5 patients, and all 5 developed posUive skin tests. 
The sixth case showed a rise of agglutination titre to 
1 in 320 on one occasion only, the other tests being 
negative. Chemotherapy with sulphadiazine gave 
inconclusive results. 


Ulcerative Colitis due to Fusospirochaetal Infection. 
(Colitis ulcerosa Fuso-spirochaetosa. Bericht fiber 
eine infektiose Form der colitis ulcerosa im deutschen 
Konzentrationslager Sutthof b. Danzig'in den Jahren 
1943-45.) Starkus, A. (1947). Gastroenterologia, 
Basel, 72, 35. 

The authors describe an acute fulminating form of 
ulcerative colitis with extremely high mortaUty. Bac- 
teriological examination of the faeces showed spiro- 
chaetes.of the Vincent type and fusiform bacilli. Vincent 
angina occurred simultaneously in a few cases. Necropsy 
of 130 cases showed haemorrhagic-diphtheritic inflamma- 
tion with slough formation. In fulminating cases nearly 
the whole colon was haemorrhagic and swollen. But in 
a certain number the transverse colon remained free and 
the demarcation between the affected and non-affected 
parts was clear cut. Balantidia were found in one case; 
amoebae were not seen at all. Further proof as to the 
aetiology was obtained by treatment, as symptoms were 
usually cured by one injection of 0.3 to 0.5 g. neo- 
arsphenamine. The .whole epidemic was stopped in 
this way. 

The author calls this clinical and pathological picture 
“colitis ulcerosa fuso-spirochaetosa,” and considers that 
it should be distinguished from other Upes of ulcerative 
colitis. 


The Intracutancous Test in Cutaneous Leishmaniasis. 

Dostrovsky, a., and Sagher, F. (1946). Ann. trap. 

Med. Parasil., 40, 265. 

Parasites were detected in only 66.6% of patients 
diagnosed as suffering from cutaneous leishmaniasis, but 
in 261 infected persons an intradermal test was positive 
in 91.6%, while in 144 control patients presumed not to 
be specifically infected it was positive in only 6.3°^. The 
reaction appeared to become positive within a few days 
of infection, and to remain so during the period of 
infection and for many years after the lesions had healed. 
Observations on 11 persons of the Prausnitz-Kuestner 
passive transfer test with the sera of 2 infected patients 
suggested that the reaction was of an allergic nature. 

F. Murgatroyd. 


Serological and Clim'cal Observations in C^es of Epidemic 
Typhus in Sweden in 1945. (Serologiska och klin- 
iska iakttagelser vid fall av epidemisk flackytyfus i 
Sverige 1945.) Ha.mmarstrom, E., Hellsten, H., and 
Fahraeus, J. (1947). Nord. Med., 33, 700. 

Serogical investigations by means of rickettsia agglutina- 
tion and the Weil-Felix reaction were done on 104 cases 
of typhus and two control groups. The normal limits of 
agglutinating titre were taken as 1 in 320 for the Weil- 
Felix and 1 in 5120 as the upper limit of normal in the 
rickettsia agglutination test. A table showing the results 
in the 103 typhus cases suggests that the rickettsia 
agglutination is the more reliable diagnostic method. 

Results Obtained by Streptomycin Treatment in 8 Cases 
of Diarrhoea with Bacterium colt and Proteus in the 
Stools. (Resultados obtenidos en 8 casos de diarrea 
cott escherichia coli y proteus en las evacuaciones 
tratados con estreptomicina.) Aguirre, A., Aguayo, 
A., and Benavides, L. (1947). Bol. mid. Hasp, infant., 
4, 4. 

Colon bacilli were found in the stools of 8 cases of 
severe infantile diarrhoea. Bacterium coli-gomez and 
Proteus were each found in 3 cases. In 7 cases tested 
both organisms proved susceptible' to streptomycin. 
Intensive treatment with sulphonamides and, in 4 cases, 
with penicillin failed. Symptomatic treatment was 
maintained during the whole course of the disease. 
Streptomycin was used after other drugs had failed. It 
was injected 3-hourly, the dose and length of adminis- 
tration varying from case to case. Six cases recovered 
and 3 died. 

The authors recommend a dose of 100,000 to 150,000 
units of streptomycin per kilo per day, according to the 
severity of the case. 

Streptomycm in Miliary Tuberculosis. Its Effect on tbe 
Pathological Lesions of Generalized Miliary Tuber- 
culosis in Human Beings. Baggenstoss, A. H., Feld- 
man, W. H., and Hinshaw, H. C. (1947). Amer. Rev. 
Tuberc., 55, 54. 

Five patients who had miliary tuberculosis were 
treated with streptomycin. Although the cases proved 
fatal, it is encouraging that in 4 cases there was con- 
vincing evidence of recession and healing of miliary 
tubercles in the lungs, liver, and spleen, as shown by the 
occurrence of fibrosis and hyalinization and the absence 
of caseation. Tubercle bacilli were, however, usually 
recoverable from the lesions. A significant concentration 
of streptomycin was found in the cerebrospinal fluid, in 
contrast to its complete absence in the brain, which helps 
to explain the presence of active lesions in the brain with 
the absence ofmeningitis. On the other hand, no healing 
was observed in kidney or bladder lesions in spite of high 
streptomycin concentration. No histological evidence of 
any toxic effect of the drug could be found, with the 
possible exception of renal tubular damage in one case. 

L. E. Houghton. 

Occurrence of Tuberculosis in B.C.G.-vaccinated Recruits. 
(Om forekomsten av tubcrk-ulosa sjukdomar bland 
calmettevaccinerade vampliktiga.) Samlauti, .M. 
(1947). Nord. Med., 33. 72. 

Vaccination with B.C.G. on a large scale was first 
canied out in Finland during the war, when recruits were 
skin-tested and 13,400 negative reactors were vaccinated. 
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The incidence of all forms of tuberculous disease was 
observed over a period of 6 months to 2 years, and 
compared with that in a control series of unvaccinated 
subjects observed in 1933, while a more rigid control 
was obtained by a comparison of the incidence among 
subjects in the same call-up class who had given a positive 
reaction and hence were unvaccinated. Of the vac- 
cinated subjects, 3% contracted tuberculosis within the 
2-year period, one-half within the first 6 months, com- 
pared with 4% of the tuberculin-positive and 5.7% of 
the control group. The frequency of the various con- 
ditions is shown in the following table, the figures repre- 
senting percentage incidence: 



Vaccinated 
subjects • 

Positive 

reactors 

Controls 

Pleural effusion . . 

1.82 

1.64 

2.31 

T.B. lymphadenitis 

0.41 

0.67 1 

0.76 

Erythema nodosum 

0.09 

0.06 

0.07 

Pulmonary tuberculosis 

0.48 

1.41 

1.98 

Other forms 

0.14 

0.06 

0.20 


Tuberculosis in vaccinated subjects was for the most 
part benign in character. The mortality figures per 
10,000 were as follows : 



First 

year 

1 

Second | 
year 

Third 

3 car 

Vaccinated 

73 j 

0 

3.7 

Positive reactors 

4.6 1 

8.5 

6.5 

Controls 

12,2 

19.2 

15.7 


D. J. Bauer. 


B.C.G. Vaccination in Denmark in Recent Years. 

(B.C.G.-vaccinationen i Danmark i de senere Aar.) 

Slottved, a. (1947). Nord. Med., 33, 68. 

Whereas 24 B.C.G. vaccinations were carried out in 
Copenhagen in 1936, the figure had risen to 8,770 in 1945. 
The total figures for the whole of Denmark were 133 in 
1936, rising to 30,311 in 1945; 93,139 vaccinations have 
been carried out in all since the service started. The 
percentage of the population vaccinated is greatest in 
Bornholm (23.3% by 1945); in other places it does not 
yet exceed 5%. 

The incidence of bovine tuberculosis has been much 
reduced in Denmark in recent years. In 1937 50% of 
the population was free from tuberculosis; in 1946, 
95 to 100%. In one district studied the percentage of 
positive tuberculin reactors was low in the age groups 
below 15 to 20 years,, suggesting a reduced' exposure 
during the last few years. D. J. Bauer. 


Rheumatoid Arthritis. IV. Hemolytic Streptococcus 
Precipitin Reactions. Wallis, A. D. (1947). Amer. 
J. med. Sci., 213, 87. 

The author concludes that it is unlikely that the sera of 
patients with rheumatoid arthritis contain a genuine 
excess -of haemolytic streptococcus precipitins. The 
antigens employed in the precipitin reactions were: 

(1) extracts made by Lanccfield’s method from haemolytic 
streptococci of groups A, B, C, D, E, F, and G, and 

(2) the C-carbohydrate substance characteristic of group 
A. The sera were obtained from patients with typical 


rheumatoid arthritis and from non-arthritic individuals 
free from recent streptococcal infection. 

- T. D. M. Martin. 

The Relation Between Induced Resistance to Penicillin 
and 0.vygcn Utilization. Bellamy, W. D., and 
Klimek, j. W. (1947). J. Bad., 53, 374. 

After 64 transfers a strain of Staphylococcus aureus 
had its resistance to penicillin increased over. 60,000. 
This strain also lost its ability to grow anaerobically, 
while its rate of aerobic growth was from one-half to 
two-thirds that of the penicillin-sensitive parent strain. 
Under similar conditions three other organisms. Strep- 
tococcus faecalis, Str. agalactiae, and Clostridium 
perfringens developed very slight resistance to penicillin: 
the resistance of Str. faecalis was increased only 1 1 times 
in 47 transfers, that of Str. agalactiae 6 times in 24 
transfers, and that of Cl. perfringens 10 times in 25 
transfers. It is suggested that penicillin interferes with 
some anaerobic metabolism. Organisms which arc 
unable to develop or utilize an alternative energy mechan- 
ism do not become resistant to penicillin. 

G. M. Findlay. 

A Mechanism for the Development of Resistance to 
Streptomycin and Penicillin. Klein, M. (1947). /. 
Bad., 53, 463. 

The actual number of bacteria employed was found 
to play an important part in determining the minimum 
and maximum clTectivc doses of penicillin or strepto- 
mycin on any particular organism. By the passage of 
organisms through a medium containing progressively 
larger doses of the antibiotic, resistance to both penicillin 
and streptomycin was raised. But whereas resistance to 
streptomycin increased very rapidly to a high level, 
increased penicillin resistance developed much more 
slowly and at a lower level. Variants possessing verj' 
high resistance to penicillin were not found in the 
investigation reported. H. J. Bensted. 

Penicillin Therapy of Subacute Bacterial Endocarditis. 
A Study of the End Results in Thirty-four Cases, with 
Particular Reference to Dosage, Methods of Adminis- 
tration, Criteria for Judging Adequacy of Treatment 
and Probable Reasons for Failures. Priest, W. S., 
Smith, J. M., and McGee, C. J. (1947). Arch, intern. 
Med., 79, 333. 

Of 34 patients with subacute bacterial endocarditis, 
22 are alive and free from evidence of disease 13 to 
35 months after completing a course of penicillin treat- 
ment. Great stress is laid on the importance of adequate 
dosage during treatment, 500,000 units given intra- 
venously being the dally minimum recommended. 
Larger doses were employed in some cases. Daily 
doses of less than 400,000 units are useless. Treatment 
was coritinucd for oyer 4 weeks ; if at the end of this time 
the patient was not improving the dose was increased to 
2,000,000 units daily. 

Alan Kekwick. 

Thc^ Cellular Mechanism of Recover}’ after Treatment 
with Penicillin. I. Subacute Bacterial Endocarditis. 
Moore, R. A. (1946). J. Lab. din. Med,, 31, 1279. 

Lcsions of the heart in subacute bacterial endocarditis 
in 22 patients treated with penicillin and in 8 patients 
given no specific therapy are compared.- The vegetation 
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is composed of a central core of necrotic tissue, a Ia>[er 
of bacterial colonies embedded in fibrin, and a superficial 
thin layer of fibrin. Penicillin promotes healing in 
subacute bacterial endocarditis, but the basic processes 
of healing are not modified. These processes are; 
covering of the exposed surface of the vegetation with 
fibrous tissue, invasion of the layer of colonies and 
phagt^tosis of bacteria, calcification of bacterial 
colonies, hyalinization and calcification of the central 
core of the vegetation, and endothelization of the spaces 
and clefts in the vegetation. In some patients healing 
is accompanied by excessive calcification and the result 
is a calcified stenosis of the valve. Healing in subacute 
bacterial endocarditis is essentially the conversion of a 
vegetative endocarditis into a chronic endocarditis 
characterized by superficial vascularized connective tissue 
and central nodular calcification. T. Semple. 


Enhancement of- Plasma Penicillin Concentrations by 

Caronamide and Sodium Benzoate. Strauss, E., 

Richburg, P. L., Saba, P. Z., and Alexander, J. E. 

(1947). J. Lab. din. Med., 32, 818. 

In this study 35 subjects received caronamide by 
mouth together with penicillin (a) by mouth, (f>) by 
intramuscular injection in aqueous solution, and (c) by 
intramuscular injection in peanut oil and beeswax. A 
study of the effectiveness of caronamide and sodium 
benzoate, individually and in combination, was carried 
out in 8 additional subjects. When given by mouth, the 
combination of both caronamide and sodium benzoate 
resulted in a marked enhancement of plasma peniciDin 
concentrations and yielded better results than either drug 
aIone._ The only evidence of toxicity noted was gastro- 
intestinal intolerance after 12 g. of caronamide by mouth 
in 24 hours. For the intramuscular tests the sodium salt 
of amorphous penicillin was used. In nearly all cases 
plasma penicillin concentrations were hi^er when 
caronamide was administered concurrently. The effect 
of 2 injections at 4-hourly inten-als and of large single 
intramuscular injections of penicillin was not augmented 
by the caronamide. Sodium benzoate in 2-g. doses 
enhanced_ the plasma penicillin concentrations after 
multiple injections in a manner similar to that of caron- 
amide. Results with the calcium salt of amorphous 
penicillin (300,000 units per ml.) in peanut oil and bees- 
wax indicated that caronamide (1.5 g. by mouth every 
2 hours for 24 hours) gave erratic augmentation effects, 
but in the majority of instances plasma penicillin con- 
centrations were increased. G. B. li'est. 


The Role of Coagulase in Staphylococcal Infections. 

Smith, W., Hale, J. H., and S.mith, M. M. (1947). 

Bri/. J. exp. Path., 28. 56. 

The association of the pathogenicity of staphylococci 
with their coagulase actirity w^ suggested by circum- 
stantial evidence and by in vitro investigation of phago- 
cytosis. The authors now report investigation of this 
association in vivo. It is concluded that staphylococcal 
coagulase is an important factor in the pathogenicity of 
staphylococci, though not the only, or even the most 
important, factor, because it can have no direct part in 
the cellular necrosis occurring in characteristic focal 
lesions, apparently due to toxin. But toxin cannot be 
produced until the organism has gained a foothold, and 
for this, in natural infections w’ith small numbers of cocci. 


coagulase production is essential. The latter may also 
be important at later stages in overcoming the phagocytic 
response and in aiding the setting up of metastatic 
infection by infected emboli. There seems little prospect 
of immunity against staphylococci being conferred by 
measures directed against coagulase actirity, since coagu- 
lase itself is non-antigenic. The isolation and chemical 
definition of coagulase are urgently necessary. 

G. T. L. Archer. 


Mycosis of the Neirous System. (Micoses do sistema 
nervoso.) Lacaz, C. da Silva, de Assis, J. La.martine, 
and Bittencxiurt, J. M. Taques (1947). Arch. 
Neiiro-psiquiat., 5, \. 

Neuromycotic lesions can be placed in two groups — 
those in which there is “tumour" formation (abscess, 
cyst, granuloma) and those in which there is mem'ngitis. 
Both forms often txxnir simultaneously. In view of the 
ambiguity of clinical findings and of -findings in the 
cerebrospinal fluid and blood, i'agnosis can rest with 
certainty only on the actual identification of the organism 
or culture. J. J. Keeril. 


Use of Papain in Cultivarion of Bacteria from the Blood. 

Dreyfuss, F. (1947). Amer. J. din. Path., 17, 365. 

A papain-broth medium is recommended for blood 
cultures. The preparation of the medium is simple. 
It is claimed that it combines many of the advantages of 
saponin and tiypsin ; in the author’s hands it appeared 
useful in isolating streptococci, especially of the riridans 
type. The growth of micro-aerophilic organisms is also 
favoured. Papain-broth serves as an anricoagulant, is 
shorvn to inhibit action of sulphonamides and penicillin 
(the latter because of a contaminating subtiloid bacillus 
contained in the do’ powder), and has complement-feing 
properties, thereby enhancing the growth of organisms. 
Because of its fibrinolytic action it can be employed with 
advantage when clot cultures are to be made. 

R. Salm. 


The Evaluation of Culture Mediums for^ the Routine 
Isolation of the Gonococcus. Thver, J. D., Schu- 
bert, J. H., and Bucca, M. A. (1947). J. vencr. Dis. 
Inform., 28, 37, 

A comparison is made of the efficacy of four different 
wlture media: (1) “difeo” chocolate-agar prepared with 
“bacto-proteosc” peptone. No. 3 agar, and “bacto- 
haemoglobin”; (2) Peizer's horse plasma-haemoelobin 
agar; (3) MucIIer-Hinton starch agar, as described bv 
the authors; (4) a modification of McLeod’s medium 
in which McLeod's phosphate-infusion agar was used 
as a base, enriched with plasma-haemoglobin in the same 
proportions as described by Peizer. The presence of the 
gonococcus was confirmed by Gram’s stain and the sucar 
fermentation and oxidase tests. 

With each medium 115 cultures were prepared; 95.7",^ 
of positive results were obtained with the special medium. 
87.0% with the Peizer medium, 79.3% with the ditto 
medium, and 63.57.„ with that described by .Mueller. 
On 87 comparable plates in each group, each containing 
300 or fewer colonics, the average number of colonics 
was 58.8 for the special, 39.6 for the Peizer. 37.9 for th- 
difeo. and 10.2 for the Mueller medium. 

R. R. Wiikox. 
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Elimination of Urea, Sodium, and Chlorine in the Super- 
saturated Urine and According to the Intensity of 
Diuresis. (Las eliminaciones dc urea, sodio y oloro 
por la orina con sobrecargas, y segun ia intensidad dc 
la diuresis.) Cantera, M. T., Jimenez Diaz, C., and 
Merchante, a. (1947). Rev. din. exp., 24, 9. 

Ambard’s view that urea and sodium chloride can 
simultaneously reach independent concentrations in 
urine in case of supersaturation, with dearth of water 
intake, is questioned. The osmotic pressure of total 
solids must be taken as the criterion of renal capacity, 
and the idea seems surprising that maximal concentratjon 
of sodium chloride should not hamper the elimination 
and concentration of other elements like urea. If the 
kidney cannot exceed a certain limit of osmotic con- 
centration this must be so. Some recent workers have 
held that in the conditions mentioned chlorides and urea 
may vary inversely. 

The authors studied this problem in normal human 
subjects given varying amounts of water and a constant 
low-nitrogen diet and ingesting excess of urea or sodium 
chloride. They conclude that increased ingestion of 
sodium chloride with low water intake causes increase of 
urinary volume at the cost of water from the tissues, with 
increased elimination of sodium and chlorine, but with 
retention of a part in order to economize water. There 
is a well-marked diminution in the output of urea. The 
' reverse holds when urea is given in excess. The sodium- 
chloride concentration at a given osmotic level can only 
increase at the cost of urea. There is a reciprocal inverse 
ratio. When enough water is ingested excess of the 
various salts is eliminated without bringing this function 
into play. The saline elimination with small amounts of 
water is the chief determining factor of urinary volume. 
In certain conditions the sodium and chlorine may be 
, unequally excreted as in pathological states, and as seen 
from the action of suprarenal cortex. 

£>. T. Barry. 


Water and Salt Depletion. Marriott, H. L. (1947). 

Brit. med. J., 1, 245, 285, and 328. 

Cases of water depletion are classified into three grades : 
(1) Early . — Definite thirst is the only sign; the-deficit is 
about T/o of the body weight, equivalent to 1.5 litres in a 
70-kg. man. (2) Moderately xeverc (3 to 4 days without 
water). — Marked thirst, oliguria, weakness, and slight 
personality changes are noted, but the subject is still 
capable of fair effort; the deficit is about 6% of body 
weight (4.2 litres in a 70-kg. man). (3) Very severe . — 
Here in addition there is a marked impairment of mental 
and physical capacity; the deficit ranges from 7 to 14% 
of body weight, or 5 to 10 litres in a 70-kg. man. 

The author divides the degree of salt depletion into 
three grades: (1) Slight to moderate, with absence of 
chloride in the urine (except in Addison’s disease), 
indicating a deficit of up to 0.5 g. sodium chloride per 
kilo body weight ; this represents a deficit of up to 4 litres 
of isotonic saline in a 70-kg. man. (2) Moderate to 
severe depletion, absence of chloride in the urine with 
anorexia but with a sytolic pressure above 90 mm. Hg 
and a deficit of 0.5 to 0.75 g. salt per kilo body weight, 
equivalent to a deficit of 4 to 6 litres of isotonic saline. 
(3) Severe to veiy severe depletion, absence of chloride 


in the urine, with apathy, stupor, and vomiting, and a 
systolic blood pressure below 90 mm. Hg; suggesting a 
deficit of 0.75 to 1.25 g. per kilo body weight, or 6 to 10 
litres of isotonic saline in a 70-kg. man. Thc author 
recommends the use of a quantitative test described by 
Fantus (J. Amer. mod. Ass., 1936, 107, 14). ' 

In patients with inefficient kidneys incapable of 
excreting a concentrated urine, the daily urinary output 
may need to be not less than 1.5 litres. A period of 
24 hours is too long for a review of output; chloride 
content and volume should be reported 8-hourly; the 
aim should be an excretion of 3 to 5 g. sodium chloride 
per litre in the adult and 570 ml. urine per 8 hours. 
Attention is called to the correct treatment of established 
deficiencies. In pure water depletion patients require 
water only, and particularly is this the case in infants 
whose kidneys cannot deal with a superfluity of salt. In 
salt depletion the wrong treatment consists chiefly in 
failure to give saline and the patient dies of oligacmic 
circulatory failure. Administration of water beyond that 
required to cover unavoidable water losses may have 
serious consequences. In collapse with the pylorus 
closed, water fills the stomach and produces vomiting, 
which may drown the patient whose cough reflex is 
gravely depressed. Insalt depletion isotonicsaline should 
be given intravenously, but as soon as chloride appears 
in the urine only hypotonic saline is required — 0.425% 
for adults, 0.2% for infants — until the salt balance 
appears to be fully restored as indicated above in an 
8-hourly period. In mixed salt and water depletion 
hypotonic saline is needed. In marked peripheral 
circulatory failure in adults the first pint should be given 
in 10 minutes, a second pint in 15 minutes, a third pint in 
20 minutes, a fourth pint in 30 minutes, and a pint every 
2 hours until blood pressure is restored to normal. 

C. C. d. Vass. 


Investigations of the Cerebrospinal Fluid in Cases of 

Rheumatoid Arthritis. Sundelin, F. (1947). Amer. 

J. Med., 2, 579. 

In 141 cases of rheumatoid arthritis (38 nialc and 
103 female) slight changes in the cerebrospinal fluid 
were found in the globulin-albumin quotient in 52 cases, 
although no considerable difference appears in total 
protein values. Fifteen abnormal colloid gold curves 
were also obtained, and 7 increased cell counts. All the 
patients with pathologically increased protein contents, 
except 1, had neurological symptoms. 


Excretion of 17-Ketosteroids in Ankylosing Spondyl- 
arthritis and in Rheumatoid Arthritis : A Preliminary 
Report. Davison, R. A., Koets, P., and Kuzell, 
W. C. (1947). J. din. Endocrinol., 1, 201. 

An investigation of the 17-ketostcroid output in the 
urine of patients with ankylosing spondylitis is deseribed. 
In 13 male patients an average excretion of 27.3 mg. in 
24 hours was found, with a range of from 19.2 to 43.7. 
The average value is somewhat high for the group (the 
average for normal males is 14 mg.). This is contrasted 
with the findings in 1 1 female patients with rheumatoid 
arthritis who excreted an average of 12.8 mg. in 24 hours, 
with a range of from 3.5 to 21.6 (average for normal 
females 10 mg.). E. F. Scowen. 
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An Evaluation of the Urethral Smears as an Index of 

Androgenic Deficiency in the Male. Cohen, E. J. 

(1947). J. din. Endocrinol., 7, 186. 

The technique of studying urethral smears in the male 
is described; the findings in 15 normal and 15 hypo- 
gonadal male patients were examined. No significant 
difference was observed bet%veen the two groups. In 
the normal male the administration of oestrone sulphate 
and the injection of oestradiol benzoate, sufficient to 
produce oligospermia and lowering of the 17-ketosteroid 
output, did not affect the urethral smear. 

E. F. Scowen. 


A Rapid Supra-vital Staining Method for Assessing the 
Viability of Human Spermatozoa. Crooke, A. C., 
and Mandl, A. M. (1947). Nature, Land., 159, 749. 

A method of assessing viability of human spermatozoa 
is described. Four or 5 drops of seminal fluid are well 
mixed with 1 drop of the supravital stain (50 ml. distilled 
water 4- 1 g. “revector soluble blue 706” -f 1.5 g. 
glucose 4- 0.1 g. sodium chloride -f- 0.3 g. disodium 
hydrogen phosphate, hydrated 0.035 g. potassium 
dihydrogen phosphate, anhydrous; the solution must be 
freshly prepared or made up in 1-ml. ampoules and auto- 
claved). The mixture is left for 2 to 3 minutes. The 
spermatozoa remain motile in this stain as long as they 
do in seminal fluid. A smear made from one drop of 
the mixture is dried in air and fixed in alcoholic mercuric 
chloride (half volume of saturated HgCl, in distilled 
water -(- half volume of absolute alcohol) for 15 to 20 
seconds, dipped into alcoholic iodine (90% alcohol 
containing enough iodine in potassium iodide to make a 
straw-coloured solution) and then into 90% alcohol and 
allowed to dry. It is counterstained with 1% neutral red 
in distilled water for 15 to 30 seconds and differentiated 
carefully in 90% alcohol. The smear may then be 
examined directly by oil immersion or passed through 
absolute alcohol and mounted in Canada balsam. 

The nuclei of dead spermatozoa stain blue or purple, 
while those of living spermatozoa are clear red. 

Peter C. Williams. 


A Study of the Metabolism in Addison’s Disease. I. On 
Carbohydrate and Phosphorus Metabolism. [In Eng- 
lish.] Helve, O. (1947). Acta med. scand., 127, 543. 

The present investigations were carried out in 32 cases 
of Addison's disease and 40 controls. The fasting blood 
sugar in all 32 cases showed no significant deviation 
from the normal, and treatment with deso.xycorticosterone 
acetate and a low potassium diet or by high sodium- 
chloride intake was without obvious effect on the blood 
sugar. A glucose-tolerance test was performed on 23 
cases; its results in all were within normal limits, and in 
10 cases the adrenaline-tolerance test showed little if any 
deviation from the normal controls. 

An investigation of the total blood phosphorus and of 
its component fractions revealed a slight rise in inorganic 
phosphate, in spite of a suggestion of a fall in the total 
phosphorus in 6 patients. Treatment with desoxy- 
corticostcronc acetate did not affect this, and the blood- 
phosphorus changes in response to the administration of 
glucose, adrenaline, and insulin were essentially the same 
as in the controls. E. F. Scowen. 


Distribution of Cholesterol, Cholesterol Esters and 
Phospholipid Phosphorus in Blood In Thyroid Disease. 
Folds, F. F., and MuRPHy, A. J. (194Q. Proc. Soc. 
e.xp. Biol., N.Y., 62, 218. . 

The plasma cholesterol, plasma cholesterol ester, and 
plasma phospholipid phosphorus were found to be 
significantly increased in hypothyroid conditions. The 
lipid ratios are also altered. The plasma cholesterol 
ester/total cholesterol ratio and the plasma cholesterol/ 
plasma phospholipid phosphorus ratio were significantly 
increased. The cell cholesterol/plasma cholesterol and 
the cell phospholipid phosphorus/plasma phospholipid 
phosphorus ratios were decreased. These values returned 
to normal with adequate treatment. The' changes in 
hyperthyroidism were inconstant, the plasma phospholi- 
pid phosphorus being the only constituent which showed 
a significant decrease. In both hypo- and hyTjer- 
thyroidism no significant change was demonstrated in 
the cell lipid values. E. F. Scowen. 


Investigations of some Biochemical Changes Ocemring 
during Treatment of Hyperthyroidism. [In English.] 
Lundbaek, K. (1947). Acta med. scand., 127, 193. 
This paper describes a series of investigations carried 
out during the treatment of 6 cases of hyperthyroidism 
with methyl thiouracil. A study was made of the basal 
metabolic rate (B.M.R.); the excretion of nitrogen, 
creatine, sodium, chloride, and calcium? the cell volume ; 
serum protein, cholesterol, and uric acid. The fall in the 
B.M.R. began at once and continued in an almost 
straight line. Increase in weight occurred at a variable 
time and was not related to B.M.R., pulse rate, or serum 
cholesterol. The serum cholesterol w’as shown to be an 
unexpectedly valuable index of individual thyroid func- 
tion, with a very close relation to the pulse rate and a less 
close relation to the B.M.R. and wei^t. The serum uric 
acid showed no uniform change, and changes in cell 
volume and serum protein were transient. There was an 
even fall in nitrogen excretion. No variation'was seen in 
creatinine excretion. A decrease in calcium excretion 
occurred after a latent period of a week, but there was 
no constant relation to thyroid function. The effects of 
treatment on sodium and chloride excretion varied from 
patient to. patient. No uniform changes were observed 
in the volume of urine secreted. 

Raymond Greene. 

The Effect of Oral ThyToid Medication upon the Prothrom- 
im Time. Shapiro, S. (1946). J. din. Endoc., 6, 
742. 

The plasma protlnombin time was employed as a test 
of hepatic function in patients receiving thyroid prepara- 
tions by mouth. In 16 patients taking 0.1 to 1 g. of 
thyroid globulin daily for periods varying from 10 to 
104 days no increase in prothrombin time occurred. 

R. Bodley Scott. 

Study of Carbohydrate Metabolism of the Newborn and 
Infants on the Basis of Double Glucose and Galactose 
Tolerance Tests. (Beitragc zum Zuckerstoffwechscl 
Ncugeborencr und Sauglinge aof Grund DoppcI- 
belastungcn mit Glucose und Galactose.) Barta, L., 
and Sass-Kortsak, A. (1947). Paediat. danub., 1. SS. 
This article records an interesting and probably unique 
series of sugar tolerance tests with glucose and ^lactose 



108 


ABSTRACTS 


on newborn infants, some within 12 hours of birth, and 
on infants from 1 to 20 months old. In the majority the 
results were very similar to the adult response. Galac- 
tose was usually perfectly tolerated, no increase occurring 
in the blood after 6 to 10 g. had been given; glucose was 
sometimes less perfectly tolerated. A second dose of 
the sugars, to evoke a Staub-Traugott reaction, gave 
irregular results. It is suggested that abnormally high 
curves are due to “functional lability" of the liver. 

R. D. Lawrence. 


Carbohydrate Metabolism in the Coeliac Svndromc. 
Emery, J. L. (1947). Arch. Dis. Childli., 22, 41. 

The absorption of glucose has been studied in 13 cases 
of the coeliac syndrome and controls. In the coeliac 
syndrome the oral glucose tolerance curve was flat, but 
it was more normal if larger doses of glucose were 
ingested. After insulin injection the immediate fall in 
blood sugar was similar in the coeliac and control groups, 
but rccoveiy was usually delayed in the coeliac cases. 
The recovery rate, was not affected by administration of 
adrenaline, but vyas improved by the ingestion of glucose. 
The administration of adrenaline caused a rise in blood 
sugar, which was less than normal in the coeliac group 
unless glucose was simultaneously administered by 
mouth, when an immediate and rapid rise in blood sugar 
occurred in both groups. The administration of adrena- 
line after insulin produced little efl'cet on the blood sugar 
in the coeliac patients studied. The intravenous glucose 
tolerance tests were within normal limits in all cases. 

It is concluded that glucose absorption occurs normally 
in the coeliac syndrome, on the basis of the improvement 
in the oral glucose tolerance cur\'e with increasing dosage 
of glucose and the response to oral glucose during insulin 
hypoglycaemia. The normal response following glucose 
and adrenaline indicates that the rate of absorption is 
normal. The flat oral glucose tolerance curve is attri- 
buted to more rapid fixation of glucose, presumably in 
the liver, since the intravenous glucose tolerance .curves 
were normal. The possibility that the underlying fault 
. may be a deficiency of liver glycogen is discussed. 

A. C. Frazer. 

Mauriac’s Syndrome (Retardation of Growth with Hepato- 
megaly and Disturbance of Fat Distribution in the 
Diabetic Child) and its Relation to Von Gierke’s Disease. 
(Lc syndrome de Mauriac retard de faille avec hepato- 
megalie ct troubles de la repartition dcs graisscs chez 
I’enfant diabetique ct scs rapports avee la ma^[Viic 
glycogcnique de Van Crevcld-van Gierke.) Houet, R. 
(1947). Ann. Pivdiai., Basel, 168, 113. 

This paper deals with the syndrome first described by 
Mauriac. Comparisons are drawn between this condi- 
tion and von Gierke’s syndrome, a type of hepatomegaly 
described a few years before Mauriac’s original com- 
munication. In Mauriac’s syndrome, as the present 
author admits, biochemical changes are not very numer- 
ous or consistent, and much further investigation is 
needed. Nevertheless, it seems fairly clear that the 
biochernistry in this group is quite different from that of 
von Gierke’s disease and resembles that of the true 
diabetic. 

No definite conclusion is reached regarding the 
aetiology. The author thinks that the problem is likely 
to remain unsolved until the disease can be reproduced 
in animals. Patrick Mallam. 


Spontaneous Hypoglycemia with Special Reference to llic 

Diagnosis of Hyperinsulinism. [In English.] Lurr, R. 

(1947). Ada med. Scaiid., 127, 65. 

Fifteen normal subjects undertvent a 3-hour intra- 
venous glucose tolerance test and an intravenous insulin 
tolerance test, and 32 subjects the Extqn-Rose two-dose 
l-hour glucose tolerance test; the limits of the normal 
were thence defined in terms of mean and standard 
deviation fof each sampling time. 

Six patients with spontaneous hypoglycaemia were 
studied by these tests; of these, 2 had an islcl-ccll 
adenoma. of the pancreas, and 1 an islet-cell. carcinoma 
with many metastases; in the other 3 “reactive” hyper- 
insuiinism was considered to be present. In all cases the 
intravenous glucose tolerance test gave low values, and 
hypoglycacmic .symptoms appeared within 90 minutes of 
the start. In the intravenous insulin tolerance test the 
3 organic cases showed low values of blood sugar, which 
failed to rise towards fasting level; the. 3 “reactive’ 
cases gave results within the normal limits, though all 
6 showed marked symptoms of hypoglycaemia. 

G. Discombe. 


Chronic Subclinical Impairment of the Liver. Early 
Diagnosis and Treatment. Further Improvement and 
Evaluation of Certain Liver Function Tests. Mateer, 
J. G.. Baltz, J. I., Steele, H. H., Brouwer, S. W., 
and CoLVEitT, J. R. (1947). J. Anicr. mod. /!«.. 133, 
909. 

These authors describe eleven diflerent liver function 
tests and give what they consider normal values for them. 
It is claimed that by using the three most delicate tests 
(ccphalin flocculation, thymol turbidity at pH 7.55, and 
a new bromsulphthalein test) cases of subclinical hyor 
damage can be detected. The authorsi ndicatc which 
combinations of tests they advise in various types of liver 
disease. 

The detection of subclinical liver damage is regarded 
as important, for these workers maintain that the treat- 
ment of such cases with a high-carbohydrate, high- 
protcin, low-fat diet (C 350 to 400 g. ; P 125 to 150 g. ; 
F 35 g.) with added vitamins (A and B comple.x) causes 
the sensitive tests to return to normal and prevents the 
development of permanent damage or cirrhosis. 

C. Hardwick. 


Pancreatic Secretion in Hcpnto-biliary Diseases. (La 
secretion pancrcatique au cours do ccrtaincs affections 
h^pato-biliarcs.) Hereort, K. (1947). Gastroenterolo- 
gia, Basel, 72, 51. 

Chronic pancreatitis is usually secondary to gall stones 
or cholecystitis. The author studied the pancreatic 
secretion in cases of liver damage caused by cirrhosis, 
infective hepatitis, and acute atrophy of the liver. He 
had previously examined the external secretion of the 
pancreas in 60 cases of “cholccystopathy.” In 60% of 
the cases involvement of the pancreas manifested itself 
clinically and in laboratory tests. In one-quarter of his 
cases he could not prove involvement of the pancreas. 
The participation of the pancreas in liver aflcctions has 
not been much studied. 

In 20 patients with cirrhosis, 12 males and 8 females, 
examination of pancreatic external secretion showed that 
lipase is the enzyme whose secretion is first diminished 
much before that of trypsin. Lack of lipase could be 
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shown by examination, of the faeces in 3 cases only. It 
is well known that the splitting of fats can occur through ' 
action of intestinal bacteria to such a degree that no 
deficiency of pancreatic lipase in the faeces can be 
detected, although disturbance of the pancreatic secretion 
can be proved. In 9 out of 20 cirrhotic patients pancrea-^ 
tic secretion was seriously disturbed. The deficiency of 
lipase' was most marked, in contrast with the even 
decrease in pancreatic enzvTnes in cases of tumour. The 
degree of the pancreatic insufficiency is not parallel with 
the severity of the cirrhosis. 

Twenty-three cases ofinfective hepatitis were examined ; 

8 showed disturbed pancreatic function, 4 had consider- 
able insufficiency after the disappearance of the jaundice. 
Two cases of acute yellow atrophy of the liver after 
cincophen administration were examined. The secre- 
tion of duodenal juice was normal after secretion 
injection. Both patients died and the histology of the 
pancreas showed no abnormality. E. Forrai. 

Observations on the Diurnal Excretion of Urobilinogen in 
the Urine of Normal Subjects and of Patients with 
Laennec’s Cnrhosis. Pellegrino, E., Patek, A. J., 
CoLCHER, A., and Domanski, B. (1947). J. Lab. din. 
Med., 32, 397. 

Urobilinogen excretion was determined at three 
periods in the day in 39 healthy subjects and in 36 patients 
with cirrhosis of the liver. TTie mean urobilinogen 
excretion per hour in the urine was 0.3 Ehrlich units for 
normal subjects and 0.6 units for patients with cirrhosis. 
The period of maximum excretion varied in different 
subjects' and in the same subject at difierent times. There 
was poor correlation between the degree of urobilinogen 
excretion and the clinical severity of the liver disease. 

R. B. Lucas. 


two phases in the illness : “(1) the phase of acidosis and 
dehydration, during which losses of extracellular and 
intracellular ions and fluids occur, and (2) the post- 
acidotic phase, during which, after correction of deficits 
of extracellular ions, depletion of the nonextracellular 
ions ensues because of avid uptake of these ions by soft 
tissues and bone. Plasma depletion of these ions is 
attended by pronounced signs and symptoms.” 

Eyeline A. Bishop. 


HAEMATOLOGY 

Folic Acid in Pernicious Anaemia. Its Effect as Shown 
by Serial Sternal Punctures. Ievy, H. (1947) Brit 
med. J., 1, 412. 

Serial marrow punctures on a patient with Addis'emian 
pernicious anaemia revealed as rapid a reversion to 
normoblastic eo’thropoiesis as has been shown to occur 
after liver therapy. Abnormal granulopoiesis persisted 
for at least 48 hours after the beginning of treatment. 


Relative Clinical and Hematologic Effects of Concen- 
trated Liver Extract, Synthetic Folic Acid and Synthetic 
5-Methyl Uracil in the Treatment of Macrocytic 
Anemias in Relapse. Frommeyer, \V. B., and Sl^ 
T. D. (1947). Amer. J. med. Sd., 213, 135. 

An important paper. The authors compare the 
therapeutic effects of concentrated liver extract, synthetic 
folic acid, and 5 methyl-uracil, using the same patients 
in successive relapses. Liver extract seemed to be 
slightly more effective than folic acid; 5 methyl-uracil 
was much less useful. 


•The Assessment of Liver Damage ^Following Trichlor- 
ethylene and Di-ethyl Ether AnsKthesia. Ar.mstrong, 
D. M. (1947). Antesthesia, 2, 45. 

Assessment of liver damage by the cephalin-cholesterol 
test showed severe damage by di-ethyl ether and less 
damage after trichloretbylene anaesthesia. 


Biochemical Studies During Malarial and Artificial Fevers. . 

.Gall, E. A., and Steinberg, A. (194'7). J. Lab. din. 

Med., 32, 508. 

Preliminary studies on 18 malarial patients had shown 
the development of a transient hypophosphataemia 
during febrile paroxysms. Hyperglycaemia is first 
produced by the accelerated metabolism during fever. 
Hexosephosphate is formed and deposited in the tissues, 
thus causing hypophosphataemia. At the end of the 
febrile episode the hexosephosphate dissociates and the 
amount of inorganic phosphoras in the serum returns to 
normal. J. E. Page. 


Postacidotic State of Infantile Diarrhea : Symptoms and 
Chemical Data. Postacidotic Hypocalcemia and 
Associated Decreases in Levels of Potassium, Phos- 
phorus and Phosphatase in the Plasma. Rapoport, S.. 
Dodd, K., Clark, M., and Sixuvr, I. (1947). Amer. J. 
Dis. Child., 73, 391. 

A report is made on the signs, symptoms, and chcm'cal 
changes in infants with diarrhoea during acidosis and 
aficr recovery from acidosis. The authors recognize 


Nonutilization of Conjugated Folic Acid in Pernicious 
Anemia. Heinxe, R. W., Nelson, E. M., Nelson 
H. V., and Welch, A. D. (1947). J. Lab. din Med ’ 
32, 336. 

Folic acid conjugate (heplaglutamate) was ineffective 
when administered to three patients with Addisonian 
anaemia. Two of the patients subsequently responded 
to synthetic folic acid. 


The Treatment of Pernicious and Related Anemias with 
Synthetic Folic Acid. I. Observations on the Main- 
tenance of a Normal Hematologic Status and on the 
Occurrence of Combined System Disease at the End of 
One Year. Vilter, C. F., Vilter. R. W., and Spies 
T. D. (1947). J. Lab. din. Med., 32, 262. 

. "Pi's work provides further evidence that folic acid 
IS ineifective in controlling the neurological complica- 
tions of Addisonian pernicious anaenua, and that 
reliance upon it in the maintenance treatment of this 
disease is to be deprecated. It confirms the view how- 
ever, that folic acid IS c.ffective as a haematinicin m'ecalo- 
blastic anaemia, and that it may be of definite clinical 
value in cases associated with intestinal deficiency. 

L. J. Dads. 


Atypical Anemia, with Spherocytes and Target Cells 
Coexisting in the Blood. DiscovfBE, G..and Watktv 
SON. G. (1947). Amer. J. med. ScL, 213. 153. 

An intcrcsu’ng report. 
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A Study of the Sternal Marrow and Peripheral Blood of 
Fifty-five Patients with Plasma Cell Myeloma. Diggs, 
L. W., and Sirridge, M. S. (1947). J. Lab. din. Med., 
32, 167. 


Stilbamidine and PentamidineTin Multiple Myeloma. 

Snapper, I. (1947). J. Amer. mcd. As.i., 133, 157. 

Stilbamidine and/or pentamidine administered intra- 
venously resulted in clinical remission with alleviation of 
pain. The course of the disease appeared to be checked. 
These substances form compounds with ribonucleic acid 
in the cytoplasm of the myeloma cells. Deeply basophilic 
inclusions develop. 

The treatment was combined with a diet low in protein 
by American standards: the specimens given provide 
about as much protein as the current British rations. 


Icterus Neonatorum ; Its Incidenee and Cause. Findlay, 
L.> Higgins, G., and Stanier, M. W. (1947). Ardi. 
Dis. Childh., 22, 65. 

The authors conclude that “physiological” jaundice 
in the newborn is more likely to be due to hepatic 
immaturity than to haemolysis. 


The Influence of Heat and Formalin Upon the Rh Agglu- 
tinogen. Lubinski, H. H., and Portnuff, J. C. (1947). 

J. Lab. din. Med., 32, 178. 

After 5 to 20 minutes heating at 50° C. red blood cells 
are not, or hardly, agglutinated by anti-Rh agglutinating 
and blocking sera, but normal agglutination occurs 
with anti-A, anti-B, anti-M, and anti-N sera. Agglutina- 
tion of red-cell suspension, after treatment with dilute 
formalin (0.1 to 1%), is inhibited to a greater extent for 
anti-Rh scrum than for anti-A and anti-B sera of equal 
titre. This latter effect is not due to haemolysis of the 
red cells. The reason may be due to : (1) the Rh aggluti- 
nogen is situated on the surface of the cells and the others 
within the cells; (2) the Rh agglutinogens may be less 
numerous and are, therefore, destroyed more quickly; 
or (3) there may be a difference of chemical structure of 
the different agglutinogens. John F. Wilkinson. 


An Anticoagulant Present in the Blood of a Clinically 
Haemophiliac Patient. (Sur un anticoagulant present 
dans le sang d’un sujet cliniquement hdmophile.) 
Lamy, M., Burstein, M., and Soulier, J. P. (1946). 
Rev. hcniat., 1, 421. 

In a patient suffering from the clinical manifestations 
of haemophilia the blood plasma delayed the clotting of 
normal blood or plasma. Examination showed normal 
bleeding time, tourniquet test, capillary fragility, blood 
count, platelet count, prothrombin time, clotting on 
addition of thrombin, and content of “masked” anti- 
thrombin ; the anti-fibrinolytic power of the blood was 
normal. When 1/10 to 1/20 volume of the patient's 
non-citrated plasma, unheated or heated to 65° C. for 
30 minutes, was added to normal blood or to normal 
plasma, which was then recalcified, the clotting time was 
prolonged 2 to 18 times. The clotting time of the 
patient's rcc.alcified citrated plasma varied with the 
contmt of platelet substance: it was greatly prolonged 
when plasma freed of platelets by centrifugation and 
filtradon was used, less prolonged when platelets were 
normal in number and intact, and least (though still 


greater than normal) when the platelets were destroyed 
by freezing or by addition of distilled water; it was not 
alfecied by addition of protamine. 

The authors conclude that a circulating anticoagulant 
was present ; it was neither heparin, an anti-prothrombin, 
<nor an anti-thrombin; it probably interfered with the 
activation of the thromboplastin of plasma or platelets. 

G. Disconihc. 


MORBID ANATOMY AND HISTOLOGY 

Further Notes on the Pathology of Acute Epidemic 
Hepatitis and Homologous Scrum Jaundice. Wood, 
D. A., and Black, M. B. (1946). Amer. J. din. Path., 
16, 746. 

The pathology was studied at necropsy in 8 patients 
dying from 2 to 10 days after the onset of hepatitis, most 
of the cases being of homologous serum jaundice. On 
the second day of jaundice the liver cells were swollen 
and detached. Inflammatory infiltration followed. 
Patients dying on the seventh day showed mid-lobular 
necrosis. A case is reported of a child, aged 3k months, 
who died on the eighth day of what was thought to be 
homologous serum jaundice foliowing transfusion after 
birth for a suspected mild eiythroblastosis. The liver 
showed diffuse subtotal necrosis and autolysis of liver 
cells infiltrating the stroma. M. Le Vay. 


The Pathogenesis of Polycystic Livers. Reconstruction of 

Cystic Elements in Two Cases. Norris, R. F., and 

Tyson, R. M. (1947). Amer. J. Path., 23; 201. 

This article describes the reconstruction of the cystic 
elements in portions of liver from 2 newborn infants. 
The livers had a noniial contour, but microscopical 
examination revealed irregular cystic dilatations of the 
intrahcpatic bile ducts, which were lined by cubical 
epithelium and encircled the branches of the hepatic 
artery and portal veins. The models, reconstructed from 
serial sections, show numerous anastomoses and irregular 
dilatations _qf the intrahepatic bile ducts, some of which 
ivere cut oft into isolated segments. The authors consider 
that the lesions result from an abnormal extension of the 
normal processes of degeneration in the bile ducts, 
causing distension, segmentation, and cystic dilatation, 
while normal difierentiation of the hepatic anlage occurs 
elsewhere. £. t. Rnston. 


Liver Biopsy in Thyrotoxicosis. [In English.] Piper, 

J., and PouLSEN, E. (1947). Acta mcd. scand., 127, 439. 

Liver-function tests were performed in 30 cases of 
thy'rotoxicosis ; liver biopsy was carried out in 15. In 
20% of cases the Takata-Ara test was positive. An 
increase m the serum phosphatase of 1 1 or more Such 
units (nornial value 0 to 7 Buch units) occurred in 9 out 
of 28 patients. There was no significant alteration in 
the formol-gel test, prothrombin time, plasma colour, 
platelet count, serum iron and urine urobilin estimation. 
No relation between the metabolic rate and the results of 
lyer-mnction tests could be demonstrated. The 15 liver 
biopsies showed normal liver tissue 5 cases, glycogen 
(picric-acid fixation) rnarkedly reduced in 2 cases, slight 
steatosis in 3 cases, delicate dark streaks of cells in 5 cases, 
slight round-cell infiltration in 2 cases, and suspected 
commencing cirrhosis in 1 case. The autliors point out 
that a single negative biopsy result cannot exclude the 
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possibility of more pronounced changes in the liver, 
but the peripheral zone is the most likely to show changes, 
and that is the zone examined in needle biopsy. 

S. Oram. 


Combined Anterior Pituitary Necrosis and Svinmetrical 
Cortical Necrosis of the Kidneys following Accidental 
Haemorrhage. Grasby, E. D. Y. (1947). J. Ohstet. 
Gynaec. Brit. Emp., 54, 203. 

Three cases of accidental uterine haemorrhage are 
described. In the first, necropsy revealed combined 
renal cortical necrosis and pituitary necrosis; in the 
second there was cortical necrosis with clinical and 
pathological evidence of less renal destruction than is 
usually seen; in the third there was probable recovery' 
from cortical necrosis. 


Human Toxoplasmosis. A Clinicopathologic Study with 

Presentation of Fire Cases and Review of the Literature. 

CaU-xhan, W. P., Russeix, W. O., and S.virrH, M. G. 

(1946). Medicine, Baltimore, 25, 343. 

About 36 cases of human toxoplasmosis have been 
recorded, but there i^reason to believe that the incidence 
is considerably hi^er and that it has a wide geographical 
distribution. This view is based on the detection of 
unsuspected infections in 60 out of 250 persons in the 
United States by means of the “neutralization test.” 
The authors have critically examined and analysed the 
necropsy material and records of 10,000 cases in the 
department of pathology, Washington University School 
of Medicine, St. Louis. This search revealed 5 cases 
listed in the records under “chronic meningitis,” “syphili- 
tic meningitis,” and “encephalomalacia with caldfica- 
tion.” A ch'nico-pathological study of these cases, 
coupled with the finding of the causative organism in all 
of them, left no doubt that they represented undetected 
instances of toxoplasmosis. 


Epidemic Poliomyelitis. Some Pathologic Observations 
on Human Material. Luhan, J. A. (1946). Arch. 
Path., 42, 245. 

A detailed histological study of the central nervous 
system was made in 13 fatal cases from the 1943 Chicago 
epidemic of poliomyelitis. Duration of illness was 3 to 
21 days, the mean being 6 days; clinically all cases 
showed evidence of bulbar involvement. Slight or 
moderate cerebral oedema was found in 12 cases. Blocks 
of tissue were examined histologically from eleven 
representative ar^ in the cerebral cortex; the typical 
changes were confined to the motor cortex in all but 1 
case, this agreeing w'ith findings of other workers. The 
olfactory bulbs and tracts were available for examination 
in only 5 cases; all were normal. Sections of medulla 
oblongata and cervical cord showed the inflammatory 
reaction to be more intense here than elsewhere ; a 
table is given in which numerical estimates have been 
made of the intensity of the reaction in 14 different sites 
in the central nervous system. In 5 cases of 9 in which 
sufficient material was available to permit the comparison 
the most recent process (as evidenced by the large number 
of polymorphonuclear leucocytes present) was found in 
the lumbar, sacral, and lumbo-sacral segments. From a 
consideration of the clinical features and histological 
findings the author classifies his cases into 9 primary 
“bulbar” types, 3 primary spinal types, and I indeter- 
minate. If'. S. Killpack. 


Amyloid Macroglossia. Report of a Case. Baber, M. D. 

(1947). Lancet, 1, 210. 

A man of 63 had swelling and induration of his tongue 
causing difficulty in swallowing for about 6 weeks. He 
died from coronary thrombosis after an unsuccessful 
attempt had been made to insert an oesophagoscope. 
Necropsy revealed amyloid infiltration of the tongue, the 
buccal mucosa, the oesophagus, and the heart. The 
oesophagus was a thickened almost rigid tube from 
amyloid infiltration of its wall. The liver and spleen 
were normal, but there were a few deposits of amyloid 
substance in the glomerular tufts of the kidney. The 
condition differed from the classical form of amyloid 
disca^ which follows protracted suppuration, tuher- 
<mlo5is. and syphilis, and which commonly affects the 
liver and spleen. J. B. Dupiid. 


Anmia Following Criminal Abortion. Young, J., and 
Walker, A. H. C. (1947). J. Obstet. Gvnaec. Brit. 
Emp., 54, 196. 

The authors describe a case of wide^read utero- 
placental injury' followed rapidly by oliguria, azotaemia, 
and death. The patient, aged 31, single and nulliparous, 
was admitted after amenorrhoea lasting 1 14 weeks. 
Nine hours before adrm'ssion an abortionist had injected 
12 oz. of “dettol,” soap, and water into the uterus with 
an adapted Higginson's sy'ringe. From the time of the 
injection to the patient's death (5J days) only Sf oz. of 
urine vvas excreted. There was no oedsmz. During that 
time the blood pressure rose from 90,75 to 140, ’90 mm. 
Hg, the blood urea from 115 mg. to 290 mg.%'and the 
serum potassium from 23.6 mg. to 37 mg.%, while the 
plasma chloride fell from 540 mg. to 473 mg.%. The 
urine contained albumin and a normal concentration of 
urea. 

At necropsy the placenta was found closely applied to 
the anterior wall of the uterus, but the membranes were 
separated from the posterior wall by gelatinous material 
containing fatty acids and smelling of dettol. This 
material reached to the upper edge of the piacenta, 
the neighbouring 3 to 4 cm, of which was haemorrhagic 
and friable. The uterine wall in this area was pale, soft, 
and friable. TTie upper posterior uterine wall showed 
typical infarction, with vessels completely occluded with 
granular debris. The ovary contained a large corpus 
luteum, and there vvas enormous dilatation of veins and 
capillaries, with widespread interstitial haemorrhage 
The foetus corresponded to 16 vveelcs of gestation. The 
classical picture of_ transfusion” or “crushing injurv” 
kidney vvas seen with pigmented debris in the tubules 
giving a positive benzidine reaction for haemoglobin. 
The pituitary showed a focus of necrosis in the pars 
anterior. 

The authors consider that the soap and dettol injected 
under pressure probably entered the large veins of the 
uterus, and that much of the necrosis vvas the result of the 
direct action of the chemicals. The c,xtcnsiv'c h'^emo*’- 
rhage was possibly due to the thrombosis of the main 
NGscular channels. They point out the marked similiriiv 
of utenne and renal lesions in their case to those seen in 
concealed accidental haemorrhacc. The renal lesions 
resemble those found after crushing injuries^ cxtCTi 5 i\c 
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bums, and “mismatched” blood transfusions, the com- 
mon factor being the presence of extensive tissue damage. 
The blood transfusions could not be incriminated in this 
case, for the profound oliguria had begun before it was 
given. The anuria in this type of case is due to cortical 
ischaemia, and tubular blockage from blood casts and 
debris, with probably a direct toxic cfl’cct on the tubules. 
This cortical ischaemia has recently been ascribed to a 
short circuit of the total renal blood flow through the 
medullary vessels (Trueta ct a!., Lancet, 1946, 2, 237). 
Similar, but less severe, renal lesions, with pigment 
deposits, may be found in cases of eclampsia, and the 
authors consider them to be due to the massive placental 
damage found in such cases. Aiken M. Dicki»v. 


A Cause of Rapid and Unforeseen Death of Infants : 
Milk Embolism in the Lung, (Sur unc cause dc mort 
rapide et imprevue du nourrisson: I’embolie dc lait 
dans le poumon.) Marie, J., Seringe, P., and 
Hebert, S. (1947). Seni. Hop., Paris, 23, 1335. 

The author thinks that in the 3 cases described the. 
deaths of the infants were attributable to inhalation into 
the air passages of milk regurgitated from the stomach. 

In each case the lungs showed histological evidence of 
patchy bronchopneumonia of very acute type, distin- 
guished by the presence in bronchioles and alveoli in 
the affected areas of foreign material staining readily 
with fat stains. Such a histological picture could be 
exactly reproduced by the intratracheal injection into a 
guinea-pig of a few ml. of milk, the animat being killed 
15 minutes after this procedure. Evidence of a vital 
reaction to the foreign material (compensatory emphy- 
sema, cellular reaction, and alveolar exudate) in the 
afteeted bronchopulmonary segments led the authors 
to conclude that the milk had found its way into the 
bronchial tree during life, and that its presence there was 
not due to post-mortem regurgitation. They suggest 
that this event is a not uncommon cause of sudden 
death in apparently healthy infants. In some cases reflex 
laryngeal spasm brought about by intratracheal inhala- 
tion may be sufficient to cause death from asphyxia. 
They advise, therefore, that babies under 2 months old 
should not lie horizontally in their cots, especially if they 
have a tendency to vomit, but should be propped 
scmi-vertically with pillows. M. MacGregor. 

Lesions of the Central Nervous System in Two Cases of 
Kernicterus. (Lesions du syst6me nerveux central 
dans deux cas d’ict6rc nucldaire du nouveau-ne.) 
Bertrand, I. (1946). Rev. heinat., 1, 399. 

The distribution of bile-stained areas and the histolo- 
gical changes found in the brains of 2 infants who died 
from kemieterus arc described. The highest degree of 
bile staining was found in the amygdaloid nucleus, the 


thalamus, the hippocampal gyrus, the optic radiation, 
the depths of the occipito-parictal sulcus, the nuclei of 
the cranial nerves HI to Vllf inclusive and Xlf, all 
structures in the floor of the fourth ventricle, .the olive, 
the dentate nucleus, especially the dorsal lamina, and the 
whole granular layer of the cerebellum. Less severe 
staining was found in the grey matter of the anterior, 
perforated space, caudate and lenticular nuclei, body of 
Luys, superior corpora quadrigemina, arid small areas on 
cither side of the interparietal, superior frontal, and 
collateral sulci. 

Histological changes were not confined to the bile- 
stained areas. They consisted of oedematous degenera- 
tion of the nen'c cells affecting most of the cortex, with 
patches of more severe degeneration irregularly dis- 
tributed but most marked in the bile-stained areas, and 
particularly affecting the dentate nucleus and the nuclei 
of the third and sixth nerves, which could hardly be 
identified because of the destruction of nerv'c cells. 
There was only slight glial reaction, with irregular 
perivascular infiltration of mild degree. 

G. Discomhe. 


Multiple Myeloma. Review of Eighty-three Proved Cases. 
Bayrd, E. D., and Heck, F. J. (1947). J. Anier. ined. 
Ass., 133, 147. 


Cj’tocheniical Differentiation between the Pentose and 

Desoxypentose Nucleic Acids in Tissue Sections. 

Saunders, F. K. (1946). Quart. J. niicr. Sci., 87, 203. 

The intracellular distribution of the two kinds of 
nucleic acid is ascertained by comparing the enzyrnc- 
treated sections with their controls. Staining with 
celcstine blue indicates the presence of desoxyribonucleic 
acid, and staining with pyronin that of the pentose acid. 
The results of the technique arc illustrated by reference 
to the Purkinjc cells of the guinea-pig. The specificity 
of the reactions is discussed, and it is concluded that the 
method provides a satisfactory means of distinguishing 
the two kinds of nucleic acid in fi.xcd tissues. 

A. K. Powell. 


Cancer Cells in Prostatic Secretions. Herbut, P. A., 
and Lubin, E. N. (1947). /. Urol., 57, 542. 

Urine obtained after digital massage of the prostate 
was examined for cancer cells. A diagnosis of carcinoma 
was made on cytological grounds in 17 of 100 cases. In 
10 the diagnosis was confirmed histologically. In 7 it 
was not confirmed, but in 6 it was thought to be reason- 
ably certain on clinical grounds. The authors think the 
results warrant further investigation. 
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NORMAL AND ABNORMAL BLOOD COAGULATION: 
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BY 
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Introduction 

As' one of the lesser problems of physiology, the 
nature of blood coagulation has received more than 
its share of investigation. There is now an insur- 
mountable mass of literature dealing with its vari- 
ous aspects, contributed over the greater part of a 
century by some of the foremost experimentalists 
of their time, and embodying theories, even whole 
schools of thought, that have produced little but 
acrimony and confusion. The reasons for this acti- 
vity are not at once apparent, though no doubt 
there is something provocative to the curious mind 
in the spontaneous conversion of fluid, blood to 
solid clot. More attractive, perhaps, is the ease 
with which experiments in blood coagulation can 
be devised and carried out. The requirements for 
such work in technique, apparatus, and even in 
time are seemingly not^ exacting. The real or 
imaginary components of a theoretical mechanism 
can be separated to the investigator’s satisfaction 
with little difficulty and allowed to interact in end- 
less permutations and combinations. Each experi- 
ment suggests another ; always the intangible solu- 
tion seems just within reach and the experimenter 
is led deeper and deeper into his own, often unjusti- 
fied, interpretations of his findings. Thus it is that 
elaborate theories have grown up which, aided by 
the confusion of rival terminologies, have so ob- 
scured and entangled basic facts that these are now 
scarcely recognizable. 

Within the last decade this hitherto rather aca- 
demic problem has taken on a more practical 
aspect ; the discovery of vitamin K and the use 
of anticoagulants to reduce the danger of 
post-operative thrombosis, both advances of 
fundamental importance, have demanded the 
reliable quantitative assay of coagulation fac- 
tors. This development has necessarily clarified 
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some of the obscurities, but it has thrown a strain 
on accepted theory, which is now showing signs of 
undergoing considerable modification. It seems, 
therefore, that some review or rather “ interim 
report ” of the problem might be desirable. Though 
the present communication is an attempt to pro- 
vide this, it is no more than an outline and in no 
way claims to be comprehensive. 

The Function of Blood Coagulation 

Haemostas'is. — Before discussing the mechanism 
of blood coagulation, it would be well to consider 
briefly its functional significance. Its most obvious 
use is concerned with haemostasis. The fact that 
wounds which have ceased to bleed are filled with 
blood clot naturally suggests that thedotting of the 
blood has arrested the haemorrhage. This is sup- 
ported by the fact that in conditions with defective 
blood clotting there is a tendency for patients to 
bleed for long periods from even slight injuries. 
Coagulation is not, howes'er, the only factor con- 
cerned in this tendency, since severe haemorrhagic 
states may exist despite a normal clotting mech- 
anism. The part played by coagulation has been dis- 
cussed in detail by the author (Macfarlane, 1941), 
who concluded that after injurx' there is a period 
of bleeding from cut vessels which is succeeded by 
a period of haemostasis lasting for about an hour 
and which is due primarily to the contraction of 
the damaged vessels. These vessels then dilate, but 
recurrence of the haemorrhage is prevented by the 
firm coagulation of the blood that had filled the 
wound during the initial haemorrhage. Normal 
coagulation, therefore, is the essential complement 
to the vascular contraction (and perhaps nor- 
mal platelet function) which initiates haemostasis. 
Either factor without the other is useless. This 
“two stage” hypothesis of haemostasis and the 
two main abnormalities which, in the author's view. 
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cause the haemorrhagic states is illustrated dia- 
grammatically in Fig. 1 (Macfarlane, 1945). It will 
be seen that this hypothesis in no way lessens the 
supposed importance of coagulation in the mechan- 
ism of haemostasis, but regards it as an interlock- 
ing part of a more complex system. 
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Fig. 1. — Diagram illustrating the time relationship of 
normal capillary contraction, dilatation, and blood 
coagulation, and the two main defects that may 
occur. A wound of the skin surface is shown in 
section, injuring a capillary loop. Fluid blood is 
represented by the dotted areas, blood clot by solid 
black, and the detached “drops” indicate active 
haemorrhage. (Macfarlane, 1945. Reproduced by 
permission of the publishers of the Froc. roy. Soc. 
Med.) 

Resistance to bacterial invasion. — The inflam- 
mation accompanying local bacterial infection is 
usually associated with plasma transudation into the 
tissue spaces. Coagulation of this oedema fluid 
takes place and the fibrin so formed serves as a bar- 
rier more or less effective in preventing the spread 
of infection through the adjacent tissues. It has been 
found experimentally (Thuerer and Angevine, 1947) 
that impairment of coagulation by administration 
of dicoumarin greatly reduces the minimal lethal 
dose of pathogenic organisms injected subcutane- 
ously into rabbits. It may be that the characteristic 
invasiveness of the haemolytic streptococci as com- 
pared with the localization of staphylococcal infec- 
tion is due to the fibrinolytic action of the former 
as against the coagulase produced by the latter. It 
has been pointed out by Robb-Smith (1945) that a 
feature of gas-gangrene due to Cl. welchii is the 
almost complete absence of local fibrin formation, 
and in no other infection is tissue invasion so rapid. 
The fact that in most infections there is a marked 


rise in the fibrinogen content of the blood may be 
related to a defence reaction of this type. 

Healing. — The importance of a fibrin network 
in the process’ of repair of wounds has often been 
suggested, but actual proof is not available. It is 
a fact, however, that in haemophilia the heal- 
ing of even minute wounds is extremely slow if 
haemorrhage is taking place. It is no unusual 
experience for a patient to ooze blood for weeks 
from a small abrasion that normally would be 
healed completely in a few days. The continued 
bleeding itself may prevent the reparative processes 
from making headway, but it is also possible that 
these require the presence of preformed fibrin as 
a scaffold for the new network of collagen and 
capillaries. 

Metabolism. — The mechanism of blood coagu- 
lation is extremely elaborate, requiring the inter- 
action of many factors. Some of its protein 
constituents, such as fibrinogen and prothrombin, 
arc normally present in considerable excess of what 
is required for haemostatic efficiency. This pro- 
digality has seemed to a number of authorities to 
suggest that coagulation is a result of a constantly 
operating metabolic process that has been adapted 
to fulfil the secondary purpose of haemostasis. In 
support of this, it appears that both fibrinogen 
and prothrombin are consumed with considerable 
rapidity in the absence of any obvious clotting 
activity, though some of the evidence from which 
this is inferred is questionable, as will be seen 
later. The fact that proteolysis appears to 
be in some way connected with the coagulation 
mechanism also suggests that the latter may be con- 
cerned in normal protein metabolism. 

Finally, despite these speculations it can be said 
that blood coagulation is not essential to life. 
Several patients have been observed to lead a rela- 
tively normal existence though they have no fibri- 
nogen in their blood. 

Normal Blood Coagulation 

Historical. — While it is outside the scope of this 
article to give more than an outline of the historical 
background to the present views on blood coagula- 
tion, such a background assists the visualization 
of the problem in its proper perspective. 

Malpighi (1666) was one of the first to consider the . 
nature of the solidity of clotted blood. He found that 
after a clot was washed in water a mass of fibres re- 
mained. In 1735 the French surgeon Petit observed 
that coagulation was an attribute of the clear, fluid 
part of the blood, not of the cells, an observation 
that was extended by Hewson (1770), who called this 
fluid “ coagulable lymph ” and showed that clotting 
could be prevented by cold, or the presence of salts. 
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Chaptal (1757) applied the appropriate name, “fibrin,” 
to the fibres constituting the clot.. The nature of the 
clotting process then began to evoke considerable dis- 
cussion. Hunter (1794) maintained that it was a 
“vital” action of the''bIood. analogous to the con- 
traction of- a living muscle. Others considered that 
it sras chemical in nature, and depended on such 
changes as contact of the blood with the air, cooling, 
or stasis. 

In 1 835. Buchanan made a series of observations 
that anticipated the discovery of thrombin and 
thromboplastin. He showed that the clotting of 
“coagulable lymph,” in this case hydrocele fluid, 
was accelerated by the addition of the washings of 
a blood clot or of leucocytes. He compared the 
action of, these substances to that of rennin on milk, 
thus founding the concept of a reaction between a 
precursor of fibrin and a ferment-like agent gener- 
ated in the blood during clotting ; but hfs work re- 
ceived little recognition until it was resuscitated by 
Gamgee (1879). The development of a clearer under- 
standing of the coagulation mechanism was hampered 
for a while by the popular theory, propounded by 
Richardson (1858), that blood clotted when it left the 
vessels because the ammonia it contained during life 
was then able to escape. This tenacious fallacy was 
finally exploded by Lister (1863), who performed a 
series of experiments that are a model of ingenuity 
and precision. A few years before this Denis (1859) 
had been able to separate the fluid precursor of fibrin, 
calling it “ plasmine,” a name changed to the more 
descriptive “fibrinogen” by Hammarsten (1877). 

The scene was now set for Schmidt (1892) to pre- 
sent his conception of a chain of reacting factors 
culminating in the conversion of fibrinogen into fibrin 
by a ferment called thrombin, a theory that has held 
the stage ever since. Schmidt recognized that throm- 
bin- was not present in the circulating blood, and he 
“postulated an inactive precursor, prothrombin, that 
was activated by zymoplastic substance, considered, 
even at that early stage, to be lipoidal in nature. 

The hypothesis of coagulation, as it stood at this 
- time, is illustrated by the following diagram quoted 
by Quick (1942): 


Cells 

Plasma 

1 I 

Cytoglobulin Zymoplastic ►Prothrombin 

I Substance I 

Paragfobulin I 

Fibrinogen •< Thrombin 

Soluble Fibrin -f-Salts = Fibrin 

It remained for Arthus'and Pages’ (1890) discovery 
of the essential part played by ionized calcium in the 
activation of prothrombin to complete the basis for 
the modem conception of the coagulation mechanism. 
This was restated in a more simple form by Morawitz 


(1905), who considered that clotting involved two 
stages and four essential components, thus: 

1. Prothrombin -f-Ca-(-Thromboplastin=Thrombin 

2. Fibrinogen -fThrombin= Fibrin 

This, the so-called classical theory, has been pre- 
eminent up to recent times. This is not to say that 
other theories have not been put forward ; many 
indeed are the spirited, if sometimes bizarre, heresies 
that have arisen, so that at times the number of 
theories has exceeded the number of propounders 
(Wohlisch. 1929), but, particularly in the United States 
and in this country, no attack on this “4-factor” 
theory has been taken seriously. 

Two unorthodox views formulated at the beginning 
of this century must, however, be considered. The 
first is that produced by Nolf (1908) and still vigor- 
ously defended by him (1945). In Nolfs view, coagu- 
lation requires, in addition to calcium, the interaction 
of four protein-like factors, all of which are present 
in the plasma. These factors are: thrombokinase 
(thromboplastin) ; thrombozyme ; thrombogen ; and 
fibrinogen. The thrombokinase of the plasma is a 
lipoprotein, having the same properties as tissue 
thrombokinase, and accelerating, in the presence of 
calcium, the reaction between thrombozyme and 
thrombogen. These two factors together constitute 
what was usually called “ prothrombin ” .and which 
is therefore not a simple substance but a mixture. 
Neither thrombogen or thrombozyme alone is capable 
of generating thrombin without the presence of the 
other, and thrombin is regarded as a product of their 
union, since its formation coinrides with their dis- 
appearance. The theory can be illustrated diagram- 
matically thus: 

Thrombozyme 

Thrombogen 

(ca) _ 

According to Nolf, the thrombozyme-thrombogen 
complex is responsible not only for the coagulation 
of fibrinogen but also for fibrinolysis, particularly if 
the thrombozyme is in excess of its normal ratio to 
thrombogen. The lifelong work on blood coagula- 
tion of this investigator has received far less attention 
than it deserves. This is due in part to the rather 
obscure presentation of his admittedly complex con- 
ception and the involved experimental evidence on 
which it is based. It is largely due, however, to the 
fact that many modem workers have not troubled to 
read his published material. As wilt be seen later, 
some aspects at least of his theory are receiving un- 
suspected confirmation. 

Another supporter of a “ 5-factor” theory was 
Bordet (Bordet and Delange. 1912; Bordet, 1920). 
He postulated an inert precursor (proserozyme) of 
what is usually termed prothrombin, which was acti- 
vated to scrozyme by contact with a foreign surface 


Thrombokinase 


Thrombin 

-i- 

Fibrinocen 


■ Fibrin 
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in the presence of calcium. Serozyme then combined 
with cytozyme (thromboplastin) to form thrombin, 
thus : 

contact+Ca 

1. Proserozyme ^>- Serozyme 

2. Serozym'e+Cytozyme >■ Thrombin 

3. Thrombin + Fibrinogen — >■ Fibrin 

Bordet’s theory is based on a number of interesting 
experiments which may have a significant part in any 
modern re-orientation of the classical theory, though 
Bordet’s own interpretations may not always be 
acceptable. 

These earlier theories in their preoccupation with 
clotting did not explain adequ.ately the fluid state of 
the normal circulating blood. Lister (1863) had 
emphasized the importance of contact action in the 
inception of blood coagulation, and it has already 
been stated that other workers recognized the impor- 
tance of admixture with tissue fluid containing 
thromboplastin, or its release following the disrup- 
tion of cells or platelets when blood is shed. The 
absence of contact with a foreign surface, however, 
is not a sufficient explanation of the inherent stability 
of blood in the circulation, since in a variety of patho- 
logical and traumatic conditions both vessels and 
tissues may be so injured as to permit contact action 
and the passage of thromboplastin into the blood 
stream. 

It was Howell (1910, 1911, 1935) who first empha- 
sized the possible importance of anticoagulant sub- 
stances, and who laid the foundations for the idea of 
an equilibrium between such anticoagulants and the 
coagulant factors that come most strongly into play 
when blood is actually shed. He at first postulated 
an antiprothrombin that was neutralized by thrombo- 
plastin. Later he assumed that the newly discovered 
anticoagulant substance heparin (Howell and Holt, 
1918) was identical with this factor. His theory at 
that time could be illustrated as follows: 

1. (Prothrombin — Heparin)+ThrombopIastin-^ 

I Prothrombin 

2. Prothrombin -bCa Thrombin 

3. Thrombin -t-Fibrinogen Fibrin 

Later work suggests that heparin is mainly an anti- 
thrombin, but the concept of anticoagulant factors 
essential for the preservation of normal blood fluidity 
still maintains its place in present-day explanations 
of the coagulation mechanism. 

Among workers in this country whose investiga- 
tions advanced the international knowledge of this 
subject during the early part of the century. Mellanby 
(1909) and Piekering (1928) are foremost. The former 
perfected the technique of separation and study of 
active fractions of the coagulation mechanism, and by 
his study of their properties found a solid basis for 
much modern work (Mellanby, 1930, 1933). Picker- 
ing contributed his exhaustive monograph on the sub- 
ject. together with his synthesis of the divergent and 
discordant views of his predecessors. 


The Factors of (he Classical Theory 

Before discussing the recent events that have re- 
sulted in a modification of the earlier acceptance of 
the classical theory, some of the well-established 
facts relating to the familiar components of this 
system should be reviewed. 

Fibrin. — The end-result of normal mammalian 
blood coagulation is the formation of the fine three- 
dimensional network of fibres that entangles the 
formed elements of the blood. Under certain cir- 
cumstances, principally those involving changes of 
pH, application of heat, or long storage, clotting 
produces a structureless gel rather than a reticulum, 
but this, though of theoretical interest, might be 
regarded as an artifact. 

Examination of the minute structure of the fibrin 
threads by polariscopic (von Dungern, 1937), radio- 
logical (Herman and Worschitz, 1935), or elcctron- 
microscopical means (Wolpers and Ruska, 1939 : 
Hawn and Porter, 1947) has suggested that they are 
composed of needle-like micelles packed length- 
wise into-bundles. When freshly formed the threads 
arc extremely adhesive, sticking to each other, to 
the platelets and cells of the blood, to the tissues, 
and to certain foreign surfaces — a property to 
which the blood clot owes its haemostatic efficiency. 

A curious reaction of freshly coagulated fibrin 
is that of retraction or, more properly, contraction. 
The normal blood clot will contract to about 40 
per cent of its original volume, squeezing out serum 
mixed with a small proportion of red cells. Plasma 
clots will contract to 10 per cent or less of their 
original volume (Macfarlane, 1939). This activity 
is reduced naturally in those conditions in which 
there is thrombocytopenia and can . be inhibited 
artificially by heating to 47° C. or by removing the 
platelets (Macfarlane, 193Sa). The significance of 
retraction from the point of view of haemostasis 
is not clear, but there is no doubt that the con- 
tracted clot is more solid and elastic than when it 
is newly formed. 

Fibrin is soluble in acids and alkalis, and is 
digested by proteolytic enzymes. After such solu- 
tion it cannot be made to re-form into its original 
reticulum. If it is kept sterile, the fibrin of whole 
clotted blood will remain intact for days or weeks 
under normal conditions, but in certain circum- 
stances it undergoes rapid dissolution or fibrinoly- 
sis, a process now known to be due to the activa- 
tion of a proteolytic enzyme of the plasma, and 
discussed by Macfarlane and. Pilling (1946a). 

It has been suggested that fibrin may exist tem- 
porarily in a soluble form in the immediate pre- 
clotting stage. This hypothetical precursor of fibrin 
has been called profibrin by Apitz (1937), and its 
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existence is accepted by Astrup (1944) and Owren 
(1947a). Apitz (1939) believes that a sticky film 
of profibrin absorbed on to the platelets during 
coagulation causes their agglutination, an explana- 
tion recalling the earlier suggestion of Maltaner 
and Johnston (1921) that fibrinogen was necessary 
for the “ conglutination ” of erythrocjles and 
bacteria. 

Fibrinogen. — Fibrinogen may be described as 
the fraction of the plasma protein which is coagul- 
abfe by thrombin. It has the greatest molecular 
weight of the plasma proteins, a recent estimate 
being 441,000 (Nanninga, 1946). It is also the most 
labile, being precipitated by heating to 47° C. or 
-by half saturation with sodium chloride or quarter 
saturation with ammonium sulphate. Its iso-electric 
point is pH 5.5 (Nordbo, 1927), and it is preci- 
pitated by bringing the pH to this point after reduc- 
tion of electroli-te by preUminary dialysis or dilution 
with distilled water. 

Wohlisch and Clamann (1932) and Wohlisch and 
Kiesgen (1936) have presented evidence that the 
molecule of fibrinogen is long and thread-like, this 
conclusion being in accord with the evidence of 
the miscellar structure of fibrin already mentioned. 

It is generally assumed, that fibrinogen is formed 
by the liver. The evidence for this is as follows : 
Nolf in 1905 showed that exclusion of the liver 
from the circulation of dogs resulted in a rapid and 
■profound fall in the blood fibrinogen. This obser- 
vation was supported by other workers, including 
Jones and Smith (1930), who observed a similar 
fall after hepatect'omy. Destruction of liver func- 
tion by the administration of chloroform or phos- 
phorus will also produce the same result (Foster 
and Wfiiipple, 1921) accompanied, in the case of 
the former agent, by a decrease in prothrombin as 
well (Smith, Warner, and Brinkhous, 1937). 

In such experiments it is assumed that the fall 
in fibrinogen is due to the cessation of production 
by the damaged or excluded liver, the normal rate 
of fibrinogen utilization being presumably very 
high. Against this, however, must be set certain 
objections. The most serious is that substances 
such as chloroform induce intense fibrinolytic acti- 
vity. a fact well recognized by workers on this 
subject. Fibrinolysis was also obsersed by 
Macfarlanc and Biggs (1946) to occur after an> 
operative procedure, and it has also been shown to 
occur in severe liver damage. It might be argued, 
therefore, that the disappearance of fibrinogen in 
these cases was due to an increased rate of destruc- 
tion rather than to deficient production (Macfarlane 
and Biggs. 1948). The second objection involves 
the normal rate of utilization of fibrinogen. Admit- 


tedly in the e,xperimental animals described the rate 
of utilization may have been higher than normal 
as a result of haemorrhage. In human beings there 
is little direct evidence of the normal rate of usage 
apart from the observation of Pinniger and Prunty 
(1946) that fibrinogen transfused into a patient with 
congenital absence of fibrinogen was stiU present 
in a detectable amount after ninety-six hours. If 
this reflects the rate of utilization in normal per- 
sons, removal of the source of supply would not 
have resulted in a detectable drop in the course of 
the few hours’ duration of an acute expen'ment. 
The whole question thus requires re-examination. 

Most investigators consider that fibrinogen is a 
homogeneous protein, and that they are able to 
obtain it in a state of considerable purity by frac- 
tionation methods. Some, however, have postu- 
lated the existence of diS'erent forms of fibrinogen, 
a view which is now receiving increasing experi- 
mental support. As long ago as 1889 Wooldridge 
regarded fibrin as being derived from the combina- 
tion of two components, fibrinogen A and fibn'no- 
gen B, neither being identical with the fibrinogen 
separated in the laboratory' from plasma, which he 
regarded as an artifact. Recent work by Nolf 
(1947) suggests, however, that Wooldridge’s fibri- 
nogen A is in some respects similar to the classical 
thromboplastin, but there are interesting points of 
difference. Wertheimer and others (1944) have 
shown that on storage the fibn'nogen of plasma 
separates into a more labile fraction that is pre- 
cipitated by cooling and a less labile fraction re- 
maining in solution. The proportion of less labile 
fibrinogen is reduced in liver disease and increased 
in pregnancy or after haemorrhage. 

A very interesting contribution is that of Lyons 
(1945a. b), who suggests, on the basis of coagul- 
ability by naphthoquinone, that there are two forms 
of fibrinogen — fibrinogen A. which exists in fresh 
plasma and normal blood, and fibrinogen B (these 
names are not to be identified with those of 
Wooldridge), which occurs in certain pathological 
states and develops on storage of blood and during 
the clotting of fibrinogen with thrombin. The 
significance of this work will be discussed later. 

Tlirombin. — Thrombin is the factor which, 
though absent from the normal circulating blood, 
develops during the process of coagulation and on 
separation can be shown to be capable of clotting 
fibrinogen. Though it is doubtful if pure thrombin 
has been obtained or is even obtainable, prepara- 
tions having very great activity relative to dry- 
weight can be produced with little difficulty, and 
such preparations can clot several hundred times 
their own weight of fibrinogen (Eagle. 1955a : 
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Seegers, 1940 ; Astrup, 1944). Astrup (1944) and 
his colleagues have shown that thrombin is an 
albumin-like protein, with a molecular weight of 
about 75,000. The phosphorus content of Astrup’s 
preparations was too low to be detected by chemi- 
cal means, a finding that agrees with that of 
Chargaff and others (1940), who followed the 
generation of thrombin using a radioactive phos- 
phorus isotope. The calcium content is also 
negligible (Ferguson, 1937). Thrombin is heat- 
labile, being destroyed by heating to 60° C., and 
beginning to lose activity at 40° C. 

Lyons (1945b), having found that thrombin 
digested with trypsin gives a colour reaction 
characteristic for this substance, maintains that 
thrombin contains a naphthoquinone group. 

Reaction of thrombin with fibrinogen. — ^The 
earlier authorities regarded thrombin as an enzyme 
acting specifically on fibrinogen. Mellanby (1933) 
called thrombin “ thrombase ” and thought that it 
split the fibrinogen molecule into fibrin and a 
soluble globulin. There was a temporary setback 
to _the enzymatic view, largely due to the work of 
Howell (1910), from which it appeared tliat throm- 
bin was consumed quantitatively during the con- 
version of fibrinogen to fibrin, a fact possibly 
explained by absorption on to the newly formed 
fibrin and the presence of antithrombin. Howell's 
contention was to some extent supported by Hekma 
(quoted by Pickering, 1928), who thought that 
thrombin acted as an agglutinin of fibrinogen in 
the ordinary immunological sense. Pickering (1928) 
argued against this, pointing out that thrombin is 
almost inactive at low temperatures, is thefmolabile, 
and soon loses its activity on storage, while agglu- 
tinins are more active at low temperatures, are heat 
stable, and retain their activity for years. 

Since more recent work, already quoted, has 
shown that thrombin can convert at least 600 times 
its own weight of fibrinogen into fibrin (Astrup, 
1944) and that the molecular weight of thrombin is 
probably not less than one-tenth that of fibrinogen, 
it seems unlikely that any stochiometric combina- 
tion of thrombin and fibrinogen can occur, and it 
seems as if the enzymatic action of thrombin is 
more probable. 

The nature of - this enzymatic, action is not 
known, Mellanby’s (1933) view that the fibrinogen 
molecule was split into a soluble and an insoluble 
fraction is unlikely to be correct, since Jaques 
(1938) found that the fibrinogen-nitrogen lost dur- 
ing clotting reappeared quantitatively as fibrin- 
nitrogen. However, the supposition that the pro- 
cess was, in some way, a proteolytic one had some 


circumstantial support in that certain proteolytic 
agents such as papain (Eagle and Harris, 1937) and 
the proteolytic venoms of Ecfiis carinata (Barratt, 
1920) and other snakes (Eagle, 1937) can coagulate 
fibrinogen. Moreover, it was argued that thrombin 
preparations were often fibrinolytic as well as 
fibrin-forming, this suggesting that coagulation was 
merely the prelude to lysis (Nolf, 1938). More 
recently, however, there is strong evidence to show 
that the clotting action of thrombin is distinct from 
any fibrinolytic action which certain preparations 
may have and which is almost certainly due to 
contamination with plasmin, the proteolytic enzyme 
of the plasma (Seegers, 1940; Ferguson, 1943; 
Macfarlane and Pilling, 1946a). 

In 1941 Baumberger made the fruitful suggestion 
that thrombin contributed to the formation of. 
fibrin by potentiating a chemical linkage between 
fibrinogen molecules. He cpnsidered that the SH 
groups known to be present in the fibrinogen mole- 
cule might be oxidized by thrombin, so that an S-S 
linkage between fibrinogen molecules could occur, 
w'ith consequent construction of the fibrin lattice, 
thus ; 

„ Thrombin . 

2 (Fibrinogen — SH) >-Fibnnogcn —S-S — 

Fibrinogen 

This conception has been extended by Lyons 
(1945a and b). It has already been stated that he 
believes that the thrombin molecule contains a 
naphthoquinone group, and that this substance is 
able, by itself, to clot a certain form of fibrinogen 
known as fibrinogen B. He explains the previous 
observations that , ninhydrin will clot fibrinogen 
(Chargaff and Ziff, 1941) on the basis of the simi- 
larity of the structure of this substance to the 
naphthoquinones (Fig. 2). The failure of others to 



2-MethyI-I,4- Ninhydrin 

naphthoquinone 


Fig. 2. — Structural formulae of certain substances active 
in the coagulation mechanism. 
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obtain coagulation of fibrinogen by naphthoquinone 
is due to the use of fibrinogen A in their experi- 
ments. Lyons suggests that in its native form 
fibrinogen has its thiol groups blocked, this form 
constituting fibrinogen A. On storage, or in cer- 
tain pathological states, fibrinogen A may become 
partly converted to fibrinogen B, in which the SH 
groups are free. Such fibrinogen is coagulable by 
ninhydrin and the naphthoquinones. During 
natural coagulation fibrinogen A is acted upon by 
a component of thrombin (thrombin A), the thiol 
groups being freed. The fibrinogen B thus formed 
is then clotted by the naphthoquinone component 
of thrombin (thrombin B) thus: 

1. Fibrinogen — SH (blocked)+Throrabin A 

(Fibrinogen A) j 

2. Fibrinogen — SH-f Thrombin B (or naphthoquinone) 

(Fibrinogen B) ^ 

3. Fibrinogen-S-S— Fibrinogen (Fibrin gel) 

This work, which is supported by a number of 
points of evidence, is of considerable interest and, 
if confirmed, of obvious practical and academic 
importance. 

Laki and Mommaerts (1945^ have also postulated 
a two-stage reaction in the conversion of fibrinogen 
to fibrin, but have been less precise as to the 
mechanism. 

Prothrombin. — ^Prothrombin is the inactive pre- 
cursor of thrombin, and, as such, is present in 
the circulating blood. It has the physical and 
chemical attributes of a globulin (Astrup, 1944), 
being precipitated at pH of 5.6 and by half satura- 
tion with ammonium sulphate. Like thrombin its 
activity is destroyed by heating to 60' C. It is 
strongly adsorbed by such substances as BaSO^ 
(Dale and Walpole, 1916), Cai(PO,): (Bordet and 
Delange, 1914), Mg(OH); (Fuchs, 1929). and 
Al(OH), (Quick. 1935a). It is also adsorbed by 
Seitz or Berkfeld filters. It is destroyed by pro- 
teolytic enzy'mes (Eagle and Harris, 1937). 

’ The evidence that prothrombin is produced by 
' the liver is similar to that purporting to show that 
fibrinogen has the same origin, that is, upon the 
observation of prothrombin deficiency arising after 
chloroform poisoning (Smith and others, 1937) or 
partial hepatectomy (Warner, 1938). Since pro- 
thrombin is destroyed by proteolilic enzymes and 
the experimental procedures described are potent 
activators of the proteolytic system of the blood, 
the same objections to these conclusions can be 
made as were discussed in relation to the site of 
origin of fibrinogen. 

Vitamin K. — ^Thc story of the discovery of 
vitamin K and of its essential part in prothrombin 


production by' the body now forms a familiar page 
in the history of fundamental medical advance- 
ment. It is instructive and stimulating to study 
the rapid unravelling of threads leading to an 
understanding of a whole series of haemorrhagic 
disorders that resulted from the brilliant and often 
independent contributions produced in quick suc- 
cession. In 1934 Dam and Schonheyder reinvesti- 
gated the haemorrhagic disease that develops in 
chicks fed on a sy'nthetic diet, and Dam (1935) 
decided that it was due to the absence of a factor 
(coagulation-vitamin or r'itamin “ K ") required for 
the proper clotting of the blood. In the same year 
Halbrook (quoted by Quick, 1942) showed that the 
condition was cured by the administration of 
alfalfa (lucerne) or its ether extract, a finding con- 
firmed and expanded by Almquist and Stokstad 
(1935). Further investigations by Dam and others 
(1936) showed that the haemorrhagic disease was 
due to a prothrombin deficiency, a conclusion 
reached independently by Quick (1937), who also 
showed that the prothrombin level could be 
restored to normal by feeding alfalfa. Quick (1935b) 
had already discovered the prothrombin deficiency 
in obstructive jaundice and he (1937) was not slow 
to predict that this might be due to a deficiency 
of the new (fat-soluble) vitamin because of defi- 
cient adsorption in the absence of bile salts from 
the intestine. He was able to substantiate this pre- 
diction (1938a) by actual clinical observations, 
which were confirmed by Warner and others 
(1939a) and by Butt and others (1938). 

Efforts were now made to isolate the new sub- 
stance. It was found that it is widely distributed 
in plants, particularly in green leaves (Dam and 
Glavind, 1938), and that bacteria can synthetize 
the vitamin, so that its production in the animal 
intestine may be an important factor in its natural 
assimilation (Almquist and others, 1938). Scien- 
tific methods of assay (Almquist and Klose, 1939a) 
based on Quick’s (1935b) prothrombin-time method 
greatly assisted this progress in the study of the 
distribution and synthesis of vitamin K. As regards 
the chemistry of vitamin K, the principal work was 
carried out by Dam and his co-workers on the one 
hand and Almquist's group on the other (see 
review by Almquist, 1941). The structure of two 
naturally occurring substances with vitamin-K 
activity were quickly determined, both being 
derivatives of 1,4-naphthoquinone. Almquist 
and Klose (1939b) found that phthiocol. a com- 
pound isolated from tubercle bacilh, had vitamin-K 
activity and was also a 1.4-naphthoquinone deriva- 
tive. It was then almost simultaneously discovered 
by four separate groups of workers (Almquist and 
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Klose, 1939b; Ansbacher and Fernholz, 1939: 
Fieser and others, 1939 ; Thayer and others, 1939) 
that the comparatively simple synthetic substance 
2-methyl- 1,4-naphthoquinone had even greater 
vitamin-K activity than the naturally occurring 
compounds. Since that time a number of deriva- 
tives of this substance with the added advantage 
of solubility in water have been produced com- 
mercially under different trade names, and vita- 
min K has taken its place among the factors 
essential for life. 

Its mode of action in the production of pro- 
thrombin is at present unknown, though the obser- 
vations of Lyons (1945b) suggest that it is an in- 
tegral part of the thrombin molecule. It has no 
effect on prothrombin activity in vitro and its ad- 
ministration in cases of hypoprothrombinacmia is 
effective only if the function of the liver is rela- 
tively normal. In the latter case the rise in pro- 
thrombin following vitamin-K administration is 
very rapid, a tenfold increase occurring within 
twelve hours in some patients (Quick, 1942). 

Calcium. — It is now undisputed that ionized cal- 
cium is required for the conversion of prothrombin 
to thrombin, but that the latter can act on fibrino- 
gen with unimpaired effect in- the absence of cal- 
cium or in the presence of decalcifying agents such 
as oxalate or citrate. 

The calcium of the blood-plasma is present in 
two forms ; the diffusible ionized calcium and the 
non-diffusible protein-bound fraction, which is usu- 
ally thought not to take "part in the coagulation 
process. Removal of free calcium by precipitating 
it as the oxalate, or suppression of ionization by 
the addition of citrate, will inhibit the normal 
clotting process indefinitely. It is significant, how- 
ever, that if clotting is to be prevented at least 
three times as much oxalate must be added to 
plasma as the calculated amount necessary to pre- 
cipitate all the available calcium (Vines, 1921 ; 
Scott and Chamberlain, 1934 ; Quick 1940). This 
finding is difficult to understand unless it is sup- 
posed that there is a competition for available cal- 
cium by the coagulation factors on the one hand 
and the decalcifying agent on the other, it being 
necessary to have an excess of the latter to deprive 
the former of calcium by mass action. 

Ferguson (1937) supposed that an intermediate 
prothrombin-calcium-thromboplastin complex was 
formed during clotting and that this complex could 
be inactivated by decalcification. Quick (1940) also 
postulates a prothrombin-calcium complex, from 
which calcium has to be removed before the de- 
calcifying agent can prevent coagulation. He has 


also provided evidence (1947b) that there is a cal- 
cium co-factor associated with, but distinct from, 
prothrombin. Grcvillc and Lehman (1944) have 
studied the interesting cation antagonism affecting 
this part of the clotting mechanism, in which cer- 
tain ions, particularly those of magnesium, antag- 
onize the effect of calcium. 

The amount of calcium required for effective 
coagulation has a wide optimum value, ranging 
from 0.025 to 0.0025 molar concentration. Above 
and below this level coagulation is depressed and 
finally inhibited (Quick, 1942). 

TliromboplastJn. — Although blood which is col- 
lected without contamination with tissue fluid and 
which is then kept in a container with a “neutral” 
(non-water-wettable) surface will not clot, it can be 
made to do so with great rapidity by the addition 
of a small quantity of the watery extract of almost 
any tissue. It can therefore be assumed that pro- 
thrombin, even in the presence of calcium, is 
inactive, but that it can be activated by a factor 
or complex of factors present in the tissues. This 
agent has received various names, such ascytozyme, 
thrombokinasc, thromboplastin, zymoplastic sub- 
stance, or simply kinase. It occurs in most tissues, 
but brain, lung, thymus, testes, and platelets yield 
the most active preparations, and it can be demon- 
strated in human saliva (Beilis and Scott, 1932). 

In discussing the nature, properties, and modes 
of action of thromboplastin a major difficulty 
arises which is by no means limited to this particu- 
lar aspect of the coagulation problem. This is the 
probability that “ thromboplastin “ has more than 
one component, and that different substances, 
claimed by various workers to be thromboplastin 
in a state of relative purity, are in fact different 
fractions of the whole. 

The original zymoplastic substance used by 
Schmidt (1895) and his associates was an alcohol 
extract of tissue, and was thought to contain . 
lecithin as the active factor. Morawitz (1905) 
showed that aqueous tissue solutions had the same 
effect and were, moreover, heat-labile ; he con- 
cluded that the active factor was a protein, and 
called it “ thrombokinasc.” Howell (1912) showed 
that both extraction by water or by lipoid solvents 
yielded active material, and he applied the now- 
popular term “ thromboplastin ” to the water- 
extractible fraction. He was able to show that 
the ether-soluble fraction was ccphalin. which itself 
was active as a thromboplastin, though, when in 
combination with an unknown protein factor, the 
activity was greatly increased. The cephalin was 
heat-stable as regards activity, but the ccphalin- 
protein complex was heat-labile. Confirmation for 
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the suggestion that cephalin was an active com- 
ponent of thromboplastin came from a number of 
investigators, including Gratia and Levene (1922), 
McLean (1916), and Quick (19363), while lecithin 
was shown to be inactive (Clowes, 1917 ; Gratia 
and Levene, 1922). A particularly active cephalin 
preparation has been isolated from platelets by 
Chargaff and others (1936). Cohen and Chargaff 
(1940) supported Howell’s belief that thrombo- 
kinase was a lipoprotein and suggested that the 
protein component was effective in orientating the 
cephalin at its surface. Chargaff and others (1944) 
have studied the chemistry of a lung preparation 
that is homogeneous in the ultra-centrifuge. They 
could not separate an active protein component. 
The lung preparations are more stable to heat than 
the brain e.xtracts, and Lenggenhager (1936) has 
shown that even boiling does not greatly impair 
their activity. Quick (1942) has made similar 
observations. 

Further indications that thromboplastin is a 
complex factor can be quoted. Though prothrom- 
bin can be activated by calcium and pure cephalin, 
the process is very slow compared with the reaction 
when crude tissue preparations are used (Seegers 
and others, 1938). A potent thromboplastin has 
been prepared from lung that contains no signifi- 
cant amount of cephalin, a finding of obvious 
importance (Charles and others, 1934). 

It is possible that the action of Russell’s viper 
venom may eventually throw some light on this 
problem. The fact that certain snake venoms were 
potent coagulants of blood was recognized by 
Martin in 1894, and their action was investigated 
by Lamb (1903) and Mellanby (1909). TTie pre- 
valent use of oxalated or citrated blood as an indi- 
cator of activity, however, obscured the extreme 
potency of the venom. of Russell’s viper, which was 
pointed out by Macfarlane and Barnet (1934) in 
their search' for a local haemostatic agent that 
might be effective in haemophilia. They found 
that haemophilic blood was rapidly clotted by 
extremely small amounts of venom, a dilution of 
one in many million still having a marked effect. 
The venom was incapable of clotting oxalated or 
citrated blood and had no effect on fibrinogen. It 
behaved in fact as if it were a thromboplastin. 

Further work by Trevan and Macfarlane fl936) 
demonstrated the fact that the action of the venom 
was greatly increased by the presence of tissue 
lipoids, or lecithin, suggesting that the latter acted 
as a co-factor with the venom in its thromboplastic 
role. Macfarlane (1937. unpublished observations) 
found that the venom alone was unable to clot 
plasma from which the lipoid had been removed 


by extraction with petroleum ether, but that rapid 
coagulation occurred if the extracted lipoid or 
lecithin were mixed with the venom before addi- 
tion to the plasma. He also observed that the 
coagulant extractable from human saliva behaved 
in the same way, since it would only clot the 
extracted plasma in the presence of added lipoid. 
These experiments extended the obseix'ations of 
Zak (1912) that plasma extracted with petroleum 
ether will not clot on recalcification unless the 
lipoid fraction is returned. Macfarlane and others 
(1941) obtained similar results with samples of 
plasma from which lipoid had been removed by 
high-speed centrifugalization, and suggested, as 
had Leathes and Mellanby (1939), that the v^nom 
was analogous to an enzyme (protein) component 
of natural thromboplastin, the lecithin being ana- 
logous to the natural lipoid co-factor. 

The complex nature of thromboplastin has been 
emphasized by Feissly (1945a), who has extracted 
a thermostable phospholipoid from platelets and. 
a thermolabile proteolipoid from plasma. Leng- 
genhager (1946) also considers that more than one 
factor is involved, since he supposes that pro- 
thrombokinin, a precursor of thrombokinin 
(? thromboplastin), is activated by proteolysis. 

The findings of Zondek and others (1945) that 
thromboplastic substances derived from placental_ 
tissue were heat-stable when fresh but heat-labile 
after some days’ storage emphasizes the difficulty 
of interpretation of published obsen'ations. Never- 
theless it is clear that further experiments along 
the lines indicated may clarify the problem of the 
nature of thromboplastin, and recent work with 
haemophilic blood is already showing promising 
results. 

Thrombin formation. — The nature of the re- 
action between thromboplastin, calcium, and pro- 
thrombin has given rise to endless, discussion, 
fostered by uncertainty as to the “ purity of 
the various investigators’ preparations of these 
factors, and the possibility that other undefined 
agents were involved. 

The original view of Bordet and Delange (1912). 
supported in more modern times by Lenggenhager 
(1935). was that the three factors combined chemi- 
cally to form a new compound, which was throm- 
bin. It now seems most unlikely that this can be 
the case. It has already been said that the 
thrombin molecule appears to be smaller than the 
prothrombin from which it is derived, so that any 
simple combination of thromboplastin and pro- 
thrombin is, on the face of it. impossible. More- 
over. it has been shown that thrombin contains no 
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demonstrable phosphorus (a considerable com- 
ponent of thromboplastin), and no calcium. 

It would seem most likely, therefore, that 
thrombokinase activates prothrombin by removing 
some part of its molecule. Howell (1935) con- 
tended that this process consisted of the removal 
of heparin, which normally formed an inert 
compound with prothrombin. Quick (1936b), 
however, was not able to demonstrate the neutral- 
ization of heparin by thromboplastin, and, in any 
case, heparin exerts its main anticoagulant effect 
on the action of thrombin. There is, on the other 
hand, some evidence to favour the idea that one 
component of thromboplastin is an enzyme. The 
objection that thromboplastin has been slated to 
be heat-stable may well apply only to the lipoid 
co-factor which has been mistaken for the whole 
complex. 

The significance of the activity of Russell’s 
viper venom, which is almost certainly enzymatic, 
and its co-factor lecithin, has already been 
mentioned. There is additional support for pro- 
teolysis in the action of trypsin. Douglas and 
Colebrook (1916) observed that trypsin hastened 
the clotting of blood, a finding confirmed by 
Heard (1917), who found, moreover, that the 
enzyme was capable of coagulating oxalated 
blood. Mellanby (1935) and Mellanby and Pratt 
(1938), investigating this finding, came to the con- 
clusion that trypsin activated the thromboplastin 
of the blood, and that the calcium present in the 
trypsin afforded sufficient to allow clotting. Eagle 
and Harris (1937), however, obtained the same 
result with calcium-free crystalline trypsin, and 
concluded that the prothrombin molecule was split 
proteolytically to form thrombin. Ferguson and 
Erickson (1939) concluded that the action of 
trypsin was to free a cephalin-calcium complex. 
It is of interest that a number of proteolytic snake 
venoms have a coagulant action similar to trypsin 
(Eagle, 1937). 

It may be significant that substances with an 
anti-proteolytic effect have also been shown to be 
anticoagulant. The pancreatic trypsin inhibitor 
of Kunitz and Northrop (1936) is strongly anti- 
coagulant (Ferguson, 1942), and the soya bean 
trypsin inhibitor isolated by Kunitz (1945) has 
been shown by Macfarlane and Pilling (1946b) and 
Macfarlane (1947) to act as an antithromboplastin. 

The evidence seems, therefore, to favour the 
existence of a thromboplastic enzyme (kinase) 
which, in the presence of a lipoid activator and 
calcium, splits the prothrombin molecule. This 
enzyme is present with its activator in most tissues, 
and c.xtracts of such tissues are spontaneously 


active. It is also probable that the enzyme exists 
in the plasma as an inert precursor which is acti- 
vated by contact with a foreign 'surface or by some 
other factor resulting from such contact. This 
precursor is possibly identical with Lenggenhager’s 
“ proplasmakinin,” Fcissly’s (1945b) “plasma 
thrombokinase,” Macfarlane’s (1945) “prokinasc," 
and the so-called “ antihacmophilic globulin ” first 
described by Patek and Taylor (1937). Since the 
systems used by most investigators to test thrombo- 
plastic activity may be deficient in lipoid co- 
factor, but contain unsuspected and significant 
amounts of prokinasc, it follows that the addition 
of lipoid may produce an acceleration of coagula- 
tion which may be taken to indicate the thrombo- 
plastic activity of the added lipoid. 

An argument against the enzymatic, possibly 
proteolytic, activation of prothrombin is the 
apparent consumption of thrombokinase during 
thrombin formation. Though Eagle (1935a) con- 
sidered that the amount of thrombin generated 
in a mixture of prothrombin, calcium, and 
thrombokinase was independent of the amount 
of thromboplastin, the work of Mertz and others 
(1939) suggests that, for low concentrations , a 
given amount of thromboplastin causes the con- 
version of a given amount of prothrombin, a 
finding taken to disprove the enzymatic nature of 
the reaction. Such an observation, however, 
might merely mean that it is the lipoid factor that 
is consumed during the process of activation. 

The Inception of Blood Clotting 

For many years the search for the prime mover 
of the coagulation mechanism has been under- 
taken without very convincing results. It has been 
recognized for more than a century that the intro- 
duction of tissue emulsions or extracts into the 
blood stream will result in intravascular coagula- 
tion in the living subject (de Blainville, 1834 ; 
Wooldridge, 1886). The coagulation of blood 
escaping from the body and mixed with the. pro- 
ducts of damaged tissue would seem, therefore, to 
be due to this admixture, and it has already been 
shown that such tissue fluids contain active 
thrombokinase. It can be argued, therefore, that 
active thomboplastin is capable of clotting blood 
without the intervention of any other agency ; yet 
it is a familiar observation that blood removed 
with the greatest care to avoid admixture with 
tissue juice still clots in a short time on contact 
with glass or other foreign surfaces. The larger 
the surface area with which it is in contact, the 
more rapid the clotting, hence the coagulant effect 
of substances like cotton-\vool or bandages and 
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their practical use in haemostasis, and the fact 
that the coagulation time of blood samples is faster 
in small tubes than large ones. 

Lister (1863) was one of the first to point put 
the importance of such contact and showed that 
certain surfaces such as rubber delayed blood 
clotting, as compared with others such as glass. 
It soon became established that certain neutral 
substances such as paraffin (Freund, 1888), collo- 
dion, lusteroid (Lozner and others; 1942), and most 
recently silicone (Jaques and others, 1946), which 
are water-repellent and are not wetted by blood, 
have very little stimulating effect on coagulation, 
so that blood collected without tissue fluid contam- 
ination will remain fluid for long periods in vessels 
made of, or coated with, these materials. 

The most familiar e.xplanation of these observa- 
tions is that ori^nally put forward by Morawitz 
(1905), who supposed that active thrombokinase 
was liberated by the platelets which rapidly disin- 
tegrated when blood was shed. Calcium is 
necessary for such disintegration (Cramer and 
Pringle, 1912), and it has been shown by Tait and 
Green (1926) and Lampert (1930) that the sur- 
faces active in promoting coagulation are those 
which cause disintegration of platelets. 

In favour of this hypothesis it has been estab- 
lished that platelets contain thromboplastin, and 
significant changes in their morphology have been 
observed by Nygaard (1941) at the beginning of 
the clotting process. 

It seems, however, that this is not the whole 
explanation. It is known, for instance, that the 
clotting time of whole blood as measured by the 
method of Lee and White (1913) is considerably 
influenced by small changes in thromboplastin 
(Quick, 1942), yet in severe thrombocytopenic 
purpura, in which the platelets may be almost 
entirely absent from the blood, a significant 
increase in the clotting time of the whole blood 
does not usually occur. An important finding of 
Lozner and others (1942) is that the effect of 
foreign surfaces on blood coagulation is largely 
independent of the platelets, there being accelera- 
tion or delay in glass or lusteroid respectively of 
the clotting time of plasma previously deprived of 
platelets by centrifuging. These authors, there- 
fore, favour the view, already put fonvard by a 
number of others from Mellanby (1909) onwards, 
that there exists an inactive precursor of thrombo- 
kinase in the plasma and that this is activated in 
some way by contact with a foreign surface. 

Recent obseiwations by Brinkhous (1947) and 
Quick (1947b), in relation to the clotting effect in 
haemophilia, may have an important bearing on 


the normal first stage of coagulation. With the 
use of silicone, plasma can be prepared free of 
platelets and without surface contact action. On 
transfer to a glass surface such plasma will not 
clot without the addition of platelets. Brinkhous 
(1947) infers the existence of a “ thrombocyto- 
lysio” that disrupts the platelets on contact with 
a foreign surface with release of thromboplastin. 
Quick (1947b) postulates a factor released by 
platelets on contact that activates “ thromboplasti- 
nogen.” It might equally be argued, from what- 
has already been said, that platelets on rupture 
supply the “ lipoid factor ” which reacts with the 
contact-activated “prokinase” or thrombokinase 
precursor. 

The nature of such contact action is almost 
certainly physical. As Pickering (1928) writes, 
“ Electrical changes produced by contact of blood 
with a surface which it wets seems sufficient for 
the inauguration of clotting. A wetted surface 
becomes electro-negative and the presence of a 
negative charge implies an equal positive charge 
in the liquid in contact with it ... a change of 
electrical conditions is thus a feature of normal 
clotting.” What other factors interx'ene between 
such contact and the activation of prokinase (or 
thromboplastinogen) are not known. It has 
already been stated that Lenggenhager considers 
that proteolysis plays a part, a view’ favoured, in 
principle by Wohfisch (1940) and Ferguson and 
others (1947). If this is so, the whole fibrinolytic 
system, which results in the activation of the pro- 
teolytic enzyme plasmin (see Macfarlane and 
Biggs, 1948), may be concerned with the inception 
of blood clotting. 

The Maintenance of Normal Blood Fluidity 

Many workers on the subject of blood coagu- 
lation have been so preoccupied with an explana- 
tion of the change from fluid to solid that their 
theories hardly explain why the blood is fluid in 
the body. Yet it is clearly as important to the 
individual that his blood should not clot in his 
vessels as that it should clot outside them. 

Normally the blood has an inherent stability 
in the body. The main reason why intravascular 
coagulation does not occur is the unbroken con- 
tinuity of the vascular endothelial surface, which 
is inacfive as regards clotting. Nevertheless, it is 
not only on this absence of foreign contact that 
the body relies. Disease may alter the vascular 
endothelium, but no more than a local deposit 
of platelets and fibrin may form. Trauma may 
cause extensive damage to tissues and vessels, with 
inevitable absorption of thromboplastin and 
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thrombin, but only local thrombosis of the affected 
-vessels occurs in the majority of cases. Though in- 
travascular clotting can, as has been said, be pro- 
duced by the injection of tissue e.xtracts, relatively 
large amounts have to be given to produce it, and 
even thrombin given intravenously may have no 
apparent effect (Davis, 1911). 

The classical theory does not explain this reluc- 
tance of the mass of circulating blood to clot in 
the presence of active coagulants. It is almost 
certainly 'due to the presence of anticoagulant 
factors, which, though demonstrable, have received 
comparatively little attention and which probably 
maintam a dynamic equilibrium with coagulant 
factors that are slowly produced in even normal 
circulating blood. 

It was early recognized that thrombin rapidly 
disappeared from serum after coagulation was 
complete. Schmidt (1892), in studying this prob- 
lem, paid particular attention to the fact that after 
such spontaneous inactivation the thrombin could 
be, regenerated by the addition of acid or alkali. 
Morawitz (1924) came to the conclusion that 
thrombin was converted into an inactive form 
which he named “ metathrombin,” and Weymouth 
(1913) and Gasser (1917) concluded that there is 
a substance, or antithrombin, present in serum 
with which thrombin combines and by which it 
is therefore inactivated. No further progress was 
made until 1935, when Lenggenhager stated that 
this antithrombic factor was associated with the 
.albumin fraction of the serum, a finding confirmed 
by Quick (193Sb), who later called it “albumin 
X” (Quick, 1942) and showed that it had a lesser 
affinity for thrombin than had fibrinogen. Glazko 
and Ferguson (1940) have called it the “progres- 
sive antithrombin ” to distinguish it from heparin 
and its co-factor, which they called the “ imme- 
diate antithrombin.” It has been studied by 
Astrup (1944), who calls it simply “ antithrombin.” 
Wilson (1944) believes that the thrombin is 
adsorbed directly by the albumin, but Wohlisch 
and Kohler (1942) and Griining (1943) find that 
the antithrombin activity of serum albumin is 
removed by extraction with chloroform or ether. 
The ether extract is itself antithrombic and appears 
to be a lipoid. Antithrombin has, therefore, 
similarities to the serum antitrypsin, or anti- 
plasmin, which is also a labile factor associated 
with serum albumin and extractable with lipoid 
solvents (see Macfarlane and Biggs, 1948), and it 
is of interest that proteolytic enzymes such as 
trypsin arc capable of regenerating from a throm- 
bin-antithrombin mixture (\Vohlisch and Kohler 
19421. 


An anticoagulant which has been more inten- 
sively investigated is heparin. Discovered by 
McLean (1916). it was thought by Howell (Howell 
and Holt, 1918) to be the antiprothrombin required 
by his theory. Mellanby (1934) and Quick (1936b). 
however, were able to show that the main action 
of heparin was against thrombin and nof pro- 
thrombin or thromboplastin, though Brinkhous 
(1939) later showed that there was some inhibition 
of prothrombin conversion in the presence of 
heparin. 

The action of heparin on thrombin, however, 
is not direct. Howell and Holt (1918) showed that 
it had little effect on thrombin and fibrinogen, and 
Quick (1936b) showed that this was due to the 
absence of a co-factor present in the albumin 
fraction of whole plasma without which heparin 
loses its effect. This co-factor has .also been 
studied by Astrup (1944), who finds that it is 
more labile than the scrum antithrombin, being 
destrqyed by heating to 56° C., and that it 
disappears during the process of coagulation. The 
heparin co-factor complex has been called 
“ immediate antithrombin ” by Glazko and Fergu- 
son (1940), and “thrombin inhibitor” by Astrup 
(1944), the co-factor being called “thrombin co- 
inhibitor.” 

Heparin was purified by Charles and Scott in 
1933 and found to occur in liver, lung, muscle, 
heart, and blood. The chemistry of the substance 
was studied by Jorpes and Bergstrom (1937), who 
established the fact that it is a mucoitin polysul- 
phuric acid ester. Holmgren and Wilander (1937) 
showed that the basophil granules of tissue mast 
cells are probably composed of heparin, a suppo- 
sition recently confirmed by Qliver and others 
(1947). 

It is likely (Astrup, 1944) that heparin e.xerts 
its effect by virtue of the strongly charged sul- 
phuric acid group. Bergstrom (1936) has 
synthetized sulphuric acid esters of different poly- 
saccharides, and some, including those of chitin, 
cellulose, and pectin acid, have an anticoagulant 
action like that of heparin. It is significant that 
the anticoagulant azo dyes also contain a sulphuric 
acid group. 

Jaques and others (1942) have shown that the 
heparins isolated from different animal , species 
have different anticoagulant activity. 

The importance of heparin as a physiological 
anticoagulant is still uncertain. If it is present in 
normal blood, it is in small amounts, but certain 
conditions as, for example, anaphylactic shock 
(Howell, 1925 ; Jaques and Waters, 1941) or heavy 
exposure to irradiation (Allen and Jacobson, 1947) 
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may cause such a rise in blood heparin that partial 
or complete incoagulability results. 

Other anticoagulant agents in the normal clot- 
ting mechanism, though postulated, have not been 
definitely established. Collingwood and Mac- 
Mahon (1912) have suggested an antithrombo- 
plastin, and Tocantins (1944a, b ; 1945) has pro- 
duced evidence that such a factor may exist, being, 
he thinks, increased in amount in haemophilia. 

Quantitative Studies on the Coagulation Factors 

It is not until the study of a particular reaction 
has reached the stage at which the factors con- 
cerned can be measured quantitatively that it can 
be termed a scientific investigation. Though 
certain of the more stable clotting factors have 
been the subjects of quantitative study, it is only 
in the past few years that the main developments 
along this line have taken place. The stimulus has 
undoubtedly been the discovers' of vitamin K and 
the condition of hypoprothrombinaemia, both 
being dependent on the determination of pro- 
thrombin concentration ; and the use of anti- 
coagulants in the control of thrombosis must itself 
be controlled if the treatment is not to be more 
dangerous than the disease. It is obvious that a 
general change in attitude towards the problem of 
coagulation has sprung from these necessities, and 
its study from being a pleasant pastime for 
argumentative academicians has grown up over- 
night into a practical science with vital applica- 
tions. 

The effect of the increased precision of thought 
and technique which this new development has 
demanded has not, however, been to simplify the 
general picture of the coagulation process. On 
the contrar}', it has been found that new factors 
and new and complicated interrelationships must 
be postulated if the new quantitative results are 
to be intelligible. These have, for the moment, 
been wedged into the already rather rickety frame- 
work of the “classical theory.” Whether it will 
continue to bear this increased weight, or whether 
it will collapse to be replaced by a new structure, 
remains to be seen. These forebodings can be 
illustrated best by considering the various quanti- 
tative procedures and the complications that have 
arisen from them. 

Simple blood coagulation time. — The time taken for 
Wood to dot after it.s removal from the body pro- 
vides the oldest and simplest of the quantitative 
approaches to the problem of coagulation and «as 
estimated by most of the early workers on the sub- 
ject. Many of them devised their own methods, some 
of considerable ingenuity, and it would be impossible 
to embark on even a brief suivcs of the instruments 


constructed, varying in complexity as they' do from 
an inch or so of capillary' glass tubing to a room full 
of electrical machinery. 

In general the simplest methods are the best for 
ordinary' purposes, and the methods in common use 
to-day' require no special apparatus. Blood obtained 
by venepuncture is preferable to that from a skin 
puncture, because in the former case, assuming 
reasonable technical skill, there is a minimum admix- 
ture with tissue juice, which in capillary blood may be 
present in variable amounts, thus adding an uncon- 
trollable variable to the estimation. For venous blood 
samples the method of Lee and WTiite (1913) is usually 
employed. In patients in. whom venepuncture is 
contraindicated capillary blood samples are usually 
tested by the methods of Dale and Laidlaw (1911). 
Wright (1893). Sabrazes (1904), or Biirker (1907). 

Prolongation of the simple coagulation time gives 
evidence of gross impairment of the coagulability of 
the blood, such as is met with in haemophilia, fibrin- 
openia, or severe hypoprothrombinaemia. It does 
not, however, give a significant indication of the level 
of fibrinogen until this is almost completely absent 
(Schmitz, 1933), prothrombin until it is less than 
10 per cent of the normal value (Quick, 1945a), and 
calcium unless this is below the level at which tetany 
usually occurs (personal observation). In the majority 
of cases the main factor controlling the clotting time 
of whole blood seems, therefore, to be the concentra- 
tion of thromboplastin (Quick. 1942). All other fac- 
tors are normally present in considerable excess for 
the production of fibrin within the time' of this 
estimation. 

As such estimations are commonly performed there 
are a number of factors which may influence the 
results. Small amounts of tissue juice may greatly 
shorten the clotting time of haemophilic blood. Dirty 
tubes or sy'ringes may introduce significant variations. 
Temperature must be controlled carefully, since it has 
a considerable effect. Fig. 3 illustrates the effect of 
varying temperature on the clotting time of normal 
blood in a mechanical coagulometer of the author's 
design (Macfarlane. 1938a). At the temperatures 
above 47' C. it was observed that clotting was 
poor, part of the fibrinogen being precipitated before 
coagulation could occur. 

Fibrinogen and calcium. — ^Thc two substances which 
have been susceptible to ordinary biochemical assay 
methods are calcium and fibrinogen. The former has 
not involved any serious difficulty from the point of 
view of coagulation theory, though its exact part in 
the mechanism is still not known. 

Fibrinogen. — ^The estimation of fibrinogen usually 
involves the clotting of a given amount of oxalatcd 
plasma by recalcification, removal of the fibrin, wash- 
ing it free of soluble protein, and the determination 
of its mass by either drying and weighing or by nif.-o- 
gen determination. .Apart from technical errors and 
difficulties, this method assumes that all the available 
fibrinogen is converted into fibrin by this process, and 
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Pig. 3. — Curve showing the effect of temperature on the 
coagulation time of normal whole blood. (Macfar- 
lane, 1938a.) 


that one milligramme of fibrin is derived from one 
milligramme of fibrinogen. The latter assumption is 
probably correct, but the former is not necessarily so. 
In any condition in which thrombin production is 
defective only a part of the fibrinogen may be con- 
verted, and subsequent addition of thrombin may pro- 
duce another clot. It is also doubtful if even added 
thrombin removes all the protein which should strictly 
be regarded as fibrinogen. It has been found in the 
writer’s laboratory that after a given amount of 
fibrinogen has been clotted by thrombin there is still 
10 per cent left in solution that can be precipitated 
by heating to 47° C. or by quarter-saturation with 
ammonium sulphate. 

The estimation of thrombin activity. — The estima- 
tion of the activity of a given solution of thrombin 
is the essential basis of quantitative assay of any of 
the other coagulant factors, since, of all the reactions 
involved in clotting it is only the reaction between 
thrombin and fibrinogen that gives a visible effect. 
In principle, the thrombin to be tested is added to 
either oxalated plasma (Mellanby, 1933) or fibrinogen 
solution (Warner and others, 1936), and the clotting 
time determined. Mellanby (1933) defined a thrombin 
unit as that amount required to clot 1 ml. of oxalated 
plasma in 30 seconds at 37° C. For actual assay. 
Quick (1942) prepares a “standard thrombin” from 
a given volume of normal plasma, makes serial dilu- 
tions of this from full strength to 1/300, and adds 


0.1 ml. of each dilution to 0.2 ml. of normal oxalated 
plasma at 37° C., taking the time of coagulation for 
each dilution. From the curve of clotting times 
plotted against dilutions, the strength of an unknown • 
thrombin is read off by estimating the coagulation 
time with the same plasma. Such a method, of 
course, merely gives the value of the unknown in 
terms of the arbitary standard, and, as has been shown 
by Owren (1947a) and Astrup (1944), oxalated plasma 
is apt to give variable results even with the same 
thrombin dilutions. These difficulties are almost 
certainly due, in part, to the presence of antithrombin 
which will affect the longer clotting times of weak 
thrombin dilutions more than the shorter times 
(Fig. 4). 

The use of fibrinogen solutions, prepared by re- 
moving prothrombin by adsorption with magnesium 
hydroxide and subsequent salt precipitation, allowed 
Warner and others (1936) to define a “ thrombin 
unit ” as that amount of thrombin that would clot 
1 ml. of 0.08-xO.l per cent fibrinogen in 15 seconds 
at 28° C. There are, however, difficulties even with 
this refinement of the method. Tlic reaction time is 
considerably influenced by such variables as pH, pro- 
tein and salt concentration, and osmotic pressure 
(Quick, 1942; Owren, 1947a), and Astrup (1944) was 
forced to use a dried preparation of thrombin as a 
reference standard in his precise quantitative investi- 
gations. Some of these diificultics have been ex- 
plained by Owren (1947a). who has shown that 
fibrinogen solutions prepared in the ordinary way 



Fig. 4. — Curves showing the relationship of thrombin 
concentration to clotting time of oxalated plasma (A) 
and fibrinogen solution (5). (After Owren, 1947a.) 
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contain variable amounts of profibrin, which react 
more rapidly with thrombin than ordinary fibrinogen. 
Profibrin-free fibrinogen, which is therefore essential 
for accurate work, can be prepared by centrifuging 
off the bulk of the profibrin in the cold from freshly 
thawed frozen fibrinogen, and adsorbing the rest with 
kaolin. ' The resulting clear solutions of fibrinogen 
give regular results. 

The estimation of thromboplastin. — The estimation 
of thromboplastic activity is one of great technical 
difficulty, since it requires adequate standardization 
and control of all the other known (and unknown) 
factors involved in the coagulation process. Fischer 
(1935a) used bird plasma as an indication of thrombo- 
kinase activity, but in view of the known species 
specificity of the clotting factors (Quick, 1942) such 
a system may not be applicable to mammalian 
thromboplastin. Mills (1921) deduced a formula for 
the assay of thromboplastin which has been also 
used by Astrup and Darling (1942). Astrup (1944), 
however, has found that there are differences in the 
qualitative reactivity of thromboplastins prepared 
from different organs which introduced uncertainty, 
brain thromboplastin being less' reliable than lung 
preparations. Other fallacies have been discussed by 
Owren (1947a), who illustrates the inhibitory effect 
on coagulation of excessive concentrations of 
thromboplastin. Quick (1936a) and Aggeler and 
Lucia (1938) have used oxalated plasma for assay 
of thromboplastin. 

The estimation of prothrombin. — The development 
of practical methods for the estimation of prothrom- 
bin was essential to the most fruitful research in 
blood coagulation, the discovery of vitamin K, the 
hypoprothrombinaemic states, and dicoumarin. 


Quick (1935b), during an investigation of the 
haemorrhagic tendency in jaundice, developed his. 
method of prothrombin estimation which has proved 
so useful. In principle, it depends on the assumption 
that there are four reactants in the coagulation 
mechanism — thromboplastin, prothrombin, calcium, 
and fibrinogen. If any three of these are fixed, 
variations in the clotting time of the mixture must, 
it is assumed, be due to variations in the fourth 
factor. To determine the prothrombin concentration _ 
the concentration of thrombokinase, calcium, and 
fibrinogen should be controlled, preferably at their 
optimum concentration for coagulation, so that the 
clotting time of such a system should then be pro- 
portional to the concentration^ of prothrombin. In 
practice it is found (Quick. 1942) that fibrinogen varia- 
tions in human plasma are not usually of such magni- 
tude as to introduce a significant error, and the 
calcium concentration can be controlled by using 
oxalated plasma and a known amount of calcium ■ 
chloride. 

The remaining variable to be controlled is thrombo- 
plastin. In ordinary whole blood this is present in 
amounts so far below the optimum that variations in 
other factors have little effect on the clotting time. 
Quick therefore added “excess ” thromboplastin — in 
the form of rabbit brain emulsion (later changed to 
acetone-extracted dried rabbit brain made up in saline 
(Quick, 1942) — to the oxalated plasma to be tested, 
together with the optimum amount of calcium 
chloride, and recorded the coagulation time. At 
first the results of this estimation were expressed in 
teims of the clotting time of the. mixture, a normal, 
control plasma being used. In 1938, however. Quick 
published a curve relating the clotted time by this 
method to the prothrombin concentration. This curve 
was constructed by making a number 
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Fig. 5. — Curve showing the relationship of prothrombin concsentration 
to coagulation time of recaicifi^ oxalated plasma in the 
presence of optimum thromboplastin. (After Quick, 1942.) 


of dilutions of normal and abnormal 
plasma samples with saline, and from 
it percentage of prothrombin can be 
read off, assuming that 1(X) per cent 
is an average normal content, and 
that the thromboplastin used gives 
the clotting time with normal plasma 
that is equivalent to 1(X) per cent on 
the curve (Fig. 5). The theoretical 
basis of this curve is, of courie, open 
to several objections. In the first 
place, as pointed out by Aggeler and 
others (1946) it was not constructed 
from a sufficiently large number of 
normal individuals, and the 100 per 
cent figure is quite arbitrary. More 
serious is the assumption that plasma 
diluted with saline is equivalent to 
undiluted plasma with a reduced pro- 
thrombin content. It is clear that 
dilution reduces all the clotting fac- 
tors equally, including fibrinogen, 
while the naturally occurring hypo- 
prothrombinaemia presumably affects 
only prothrombin. .Many attempts 
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have been made to circumvent this dilTiciiIty, mainly 
by the use as a diluent of “ prothrombin free ” plasma, 
this being prepared by adsorbing normal plasma with 
A1(0H)3 or by Seitz filtration. The results of such 
attempts to reproduce ranges of plasma dilution corre- 
sponding to natural prothrombin-deficient plasma 
have, however, been difficult to interpret. Quick 
(1945b) has emphasized the difference from saline- 
diluted plasma. Other workers (for example, Nitshe 
and others, 1947) have used fibrinogen solution as a 
diluent ; and the whole complex probleni'-has been 
discussed by Conley and Morse (1948) in relation to 
the reliability of thromboplastin preparations. 

Many modifications of this so-called one-stage 
method have appeared. Smith and others (1939) 
introduced what is known as a “ bedside ” technique, 
which is carried out with whole blood and with much 
the same technique as that used for the Lee and White 
method, except that thromboplastin is added to the 
blood : and Kato (1940) has devised a micro-method 
also using whole blood. Fullerton (1940) suggested 
using Russell’s viper venom as 


tration becomes very critical when low prothrombin 
concentrations are produced in vivo by the use of 
clicoumarol, or by adsorption of prothrombin by 
alumina in vitro, so that a slight divergence from the 
optimum has a considerable anticoagulant effect. 
Observations made by Dr. Rosemary Biggs (unpub- 
lished), extending those of Aggeler and Lucia (1938). 
show that thromboplastin concentration is also an 
increasingly critical factor as prothrombin concen- 
tration is reduced and that in such cases a slight 
excess of thromboplastin may actually inhibit clotting 
(Fig. 6). 

Despite these theoretical and practical disadvantages 
Quick's original" method provides a most valuable 
indication of the patient's liability to bleed, which is 
the main object of the majority of prothrombin esti- 
mations. The procedure has been standardized and 
its reliability investigated statistically by Aggeler and 
others (1946). but a few comments on the expression 
of the results might be added. In many laboratories it 
is the practice to express the results of a prothrombin 


thromboplastin, the satisfactory re- 
sults he reported having been con- 
firmed by Page and Russell (1941). 
This material has the advantage of 
very high activity combined with 
almost complete stability when the 
venom is dried. On the supposition 
that the minimum clotting time indi- 
cates the optimum thromboplastin 
concentration, Witts and Hobson 
(1942) added lecithin to the venom, 
thereby so greatly increasing its 
activity that the normal prothrombin 
time was about 5 seconds. The use 
of Russell’s viper venom, however, 
may give dangerously misleading re- 
sults in patients receiving dicou- 
marin. , 

Several workers (Quick, 1942 : 
Shapiro and others, 1942 ; Link, 
1943 ; Allen and others, 1940 ; 
Aggeler and others, 1946) have 
recommended the practice of making 
one or more dilutions of the unknown 
plasma in order to obtain a longer 
clotting time which is more critically 
related to prothrombin concentration. 
It is true that the first part of the 
curve is flat and that little change in 
clotting time is observed until the pro- 
thrombin is 50 per cent or less, but the 
use of dilutions obviously introduces 
errors and fallacies of its own, as dis- 



cussed by Fisher (1947). 

Other complications appear when 
the prothrombin concentration is so 
low that long clotting times arc ob- 
tained by this method. It has 
been found by Jaques and Dunlop 
(1945a, b) that the calcium concen- 


Per cent concentration of thromboplastin 

Fig. 6.— Curves showing the relationship of thromboplastin concen- 
tration to coagulation time for a number of different prothrombin 
conceritrations (“1 00 per cent” thromboplastin = 1 g. acetone dried 
brain in 10 ml. saline). Curve A is for 5 per cent prothrombin, 
B for 10 per cent, C for 20 per cent, D for 50 per cent, and E for 
100 pir cent prothrombin. (Dr. Rosemary Biggs’s data.) 
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delermination as an “ index ” by means of the 
formula 

Normal Prothrombin Time x 100 
Patient's Prothrombin Time 


This, while convenient, gives a verj' misleading im- 
pression of the prothrombin concentration actually 
present in the patient’s blood as calculated from 
Quick's curve. For instance, a “prothrombin 
index” of 33 per cent (i.e., patient’s prothrombin 
time = 36 seconds ; normal time = 12 seconds) is 
.equivalent to 10 per cent prothrombin, and an index 
of SO per cent is equivalent to 50 per cent prothrom- 
bin. Quick (1939) has suggested the use of the 
formula 


Prothrombin °o 


302 

Prothrombin time-8.7 


assuming that the normal prothrombin time with the 
thromboplastin used is about 12 seconds. The use of 
this is preferable to the index, if the cuiwe itself is 
not available. A difficulty in the use of both curve 
and formula is that of standardizing the thrombo- 
plastin to give a normal time of 12 seconds. The 
definition of the term “ normal ” in this respect 
obviously requires further investigation. In the 
writer’s laboratory a number of curves have been con- 
structed relating prothrombin concentration to clotting 
time for different levels of thromboplastin activity. By 
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Fig. 7. — ^The relationship of clotting time to prothrombin 
concentration as it applies to Quick's method 
(determined by means of plasma dilutions) for 4 
thromboplastin preparations of different potency, 
A, B, C. and D. Approximate linearity has been 
obtained by plotting the reciprocal of the clotting 
time (vertical axis) against the logarithm of the 
percentage prothrombin concentration (horizontal 
axis). (Dr. Rosemary Biggs's data.) 


plotting the logarithm of the prothrombin concentra- 
tion against the reciprocal of the clotting time, almost 
straight lines are obtained (Fig. 7). By the use of 
these, a given prothrombin time can be read off as 
concentration by interpolation, the activity of the 
thromboplastin used being known by testing against 
normal plasma. Rapoport (1947) has discassed other 
methods of calculating results. 

It has already been pointed out that Quick's method 
depends upon the assumption that the amount of pro- 
thrombin available controls the rate at which throm- 
bin is formed, this rate in turn determining the clotting 
time of the plasma. In fact, only about 1 per cent 
of the prothrombin has been converted by the time 
that clotting occurs in normal plasma, full conversion, 
even in the presence of optimum thrombokinase, 
taking some minutes. 

It would appear more scientific to use, instead of 
this dynamic method, dependent as it is on unknown 
factors controlling the rate of thrombin formation, a 
static method in which all the available prothrombin 
is converted into thrombin, which is then assayed by 
means of standard fibrinogen. Such a principle is the 
basis of the 2-stage method originated by Warner and 
others (1936). In this, the unknown plasma is first 
clotted by a small amount of thrombin (equhalent to 
about I thrombin unit), and the fibrin so formed is 
removed after 15 minutes when the added thrombin 
has been inactivated by the antithrombin of the 
plasma. The resulting fluid, containing all the original 
prothrombin but no fibrinogen, is then diluted to 1 in 
20 with o.xalated saline and activated with a mixture 
of buffered calcium chloride and thromboplastin. 
Samples of this reacting mixture in which thrombin is 
generated are then transferred to standard fibrinogen 
solutions and the clotting time of this is recorded. 
Dilutions of the reacting mixture are made to give a 
clotting time of about 15 seconds, this dilution there- 
fore containing 1 unit of thrombin per unit x’olume as 
originally defined. The number of units per ml. of 
original plasma is then calculated from the final 
dilution of the plasma, and it is assumed that one unit 
of thrombin is derived from one unit of prothrombin. 

The process of thrombin formation under these 
conditions in relation to time is illustrated in Fig. 8. 
It will be seen that the process starts slowly, and 
increases in rate until the thrombin concentration 
reaches a maximum which, instead of remaining 
constant, declines. The general shape of the initial 
part of the curve suggests an autocatalytic reaction 
(see .Astrup. 1944), which is of considerable theoretical 
interest. The important practical points are the 
sharply defined maximum, necessitating repeated 
sampling during activation for its recognition and. 
even more important, the destruction of thrombin by 
antithrombin, indicated by the falling off of the curve. 
The authors of the method assumed that this anli- 
thro.mbin action was not significant at a dilution of 
1 in 20 or over, but there is little doubt that it may 
be. and that it constitutes a serious drawback to a 
method already handicapped b> the practical dis- 
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Time in minutes 

Fig. 8. — Curves iliustrating the concentration of throm- 
bin in a reacting mixture of thromboplastin, calcium, 
and diluted oxalated plasma, plotted against time, 
and for different dilutions of plasma. Curve- A is 
for plasma diluted 1/25, curve B for plasma diluted 
1/50, and curve C for plasma diluted 1/100. 
(Author’s data.) 

advantages of elaborate technique and reagents. 
Attempts have been made to overcome some of 
these disadvantages. The technical modification of 
Herbert (1940) provides a much simpler procedure, 
suitable for routine laboratory use. She makes an 
initial dilution of the test plasma, activates with 
thromboplastin and calcium, and takes sub-samples 
for thrombin assay, finding that the fine web of fibrin 
forming in the dilute reaction mixture does not inter- 
fere with the sampling. The thrombin units are read 
off by a calibration curve so that serial dilutions are 
unnecessary. Sternberger (1947) has also introduced 
a practical and possibly important modification by 
suppressing the antithrombin by the addition of 
alcohol. This, if successful, would eliminate the' 
danger of loss of thrombin in slowly activating mix- 
tures, but it has been found (personal observation) 
that the alcohol makes the end-point difficult to read, 
and it may have other unknown effects. 

The 2-stage method has, of course, the academic 
advantage that it gives an estimate of prothrombin 
in absolute units and, when suitably modified, is not 
outside the scope of a pathological laboratory. It 
does not provide, however, the clinical information 
that the 1-stage test gives on the patient’s liability to 
bleed. 


Discrepancies Arising out of Prothrombin 
' Estimation 

The use of. these two different principles for 
determining prothrombin on clinical and experi- 
mental material soon revealed a number of dis- 
turbing discrepancies in the results obtained. The 
first to appear was the relative normal prothrom- 
bin levels of different species. Quick found, for 
instance (1936b, 1941 a), that rabbit plasma con- 
tained five times as much prothrombin as human 
blood, and cat blood about three times as much. 
Using the 2-stage technique, however, Warner and 
others (1939a, b) found human, cat, and rabbit 
plasma to have about the same prothrombin con- 
tent of about 301) units per ml. It \vas also found 
by the 2-stagc technique that stored blood main- 
tained its prothrombin content for months (Warner 
and others, 1940) whereas by tlie Quick method 
it lost up to 90 per cent in the first week (Quick, 
1943). Other discrepancies involving the pro- 
thrombin concentration in the newborn (Owen 
and others, 1939 ; Brinkhous and others, 1937 ; 
Quick and Grossman, 1939), and in jaundice, and 
also the level at which haemorrhage occurs (Brink- 
hous, 1940; Quick, 1938a) are listed in Table I. 


TABLE I 

DIFFERENCOS BETWEEN RESULTS OF 1- AND 2-STAGE 
METHODS FOR ESTIMATING PROTHROMBIN 


Source of 
protlirombin 

1 -Stage 

! 

2-stagc 

Blood during 

Rapid fall 

Slow fall 

storage 

1 


Newborn babies 

Sometimes nor- 
mal 

Consistently low 

Obstructive jaun- 

Low in some 

Low in most 

dice 

cases i 

cases 

Cases beginning 

10% prothrom- 

30-40% pro- 

to bleed from 

bin 

thrombin 

prothrombin 



deficiency 


1 

Rabbit blood . . 

500% of man 

100% of man 

Cat blood 

300% of man 

110% of man 


It will be seen from this that the difference is not 
in the same direction in each case, the 2-stage 
giving lower results than the 1 -stage in animals, 
jaundice cases, and babies, but higher on stored 
blood and at the haemorrhagic level. It is clear 
that the two methods are measuring different 
things, though both claim to measure prothrombin. 

A( first these discrepancies were considered to 
be due to differences in the “ activity ” or reaction 
rate of prothrombin (Warner and others, 1939b), 
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but later Quick (1943) made a fundamental obser- 
vation relating to the discrepancy in the stored- 
blood estimation. He found that if a volume of 
plasma from which “ prothrombin ” had been re- 
moved by adsorption by alumina were mixed with 
a volume of stored plasma with a prothrombin 
time of 37 seconds (indicating 10 per cent pro- 
thrombin content), the prothrombin time of the 
mixture was 10 seconds, so that the mixture 
appeared to contain 100 per cent prothrombin 
and not the expected 5 per cent Further work 
established the fact that plasma with a low “ pro- 
thrombin ” content following dicoumarol adminis- 
tration also had the effect of reducing the pro- 
thrombin time of stored plasma. From this and 
other evidence Quick concluded that “prothrom- 
bin ” is made up of two components, a labile factor 
destroyed by slight degrees of heat, not absorbed 
by A 1 ( 0 H) 3 , ^nd becoming inactive after a few 
days’ storage (called at first component A), and a 
stable factor (component B) which retains its 
activity for long periods, is relatively heat-stable, 

■ is strongly adsorbed by AKOH),, and is reduced 
by the in vivo effect of dicoumarol. In normal 
and dicoumarol plasma the labile factor is in 
excess. 

Confirmation of the existence of such hitherto 
unrecognized factors required for thrombin pro- 
duction came rapidly and in some cases indepen- 
dently. Quick’s obser^'ations were substantiated 
by Oneal and Lam (1945) and Munro and others 
(1945), but were disputed by Loomis and Seegers 
(1947), whose contribution will be discussed later. 
Feissly (1945c) and Fantl and Nance (1946a) 
obtained evidence of an accessory factor not in- 
' eluded in the classical theory and which they con- 
cluded was required for the activation of pro- 
thrombin. Zondek and Finkelstein (1945) con- 
cluded that. there was a thromboplastin co-factor 
which had been overlooked. 

Meanwhile, Owren (1947a, b), working in enemy- 
occupied Norway and largely cut off from events 
in the United States, carried out an investigation 
which has brilliantly illuminated the problem of 
additional clotting factors. This work began in 
1943, when a patient with a curious haemorrhagic 
diathesis came to his attention. She was a woman 
of 29, who from infancy had suffered from a severe 
haemorrhagic diathesis, clinically almost indistin- 
guishable from haemophilia except for the absence 
of hacmarthroses. There was no significant family 
history, no detectable physical abnormality not 
attributable to the effects of haemorrhage, and no 
abnormal blood findings apart from a long clotting 
time of 25 minutes. It was found, however, that. 


unlike true haemophilia, the prothrombin time by 
Quick’s method was prolonged (70 seconds), indi- 
cating gross prothrombin deficiency. There was 
no reason to suspect vitamin-K deficiency, and the 
administration of vitamin K had no effect. Since 
all other clotting factors appeared to be normal and 
no anticoagulant could be demonstrated, the diag- 
nosis appeared to be “idiopathic hypoprothrom- 
binaemia.” Many investigators would have been 
/Content (as were Rhoads and FifzHugh, 1941 ; 
Austin and Quastler, 1945) to accept this diagnosis 
and do no more. OwTen, however, was more 
tenadous, and soon found that the addition of 
normal human plasma to the patient’s plasma, even- 
in as small a concentration as 10 per cent, would 
reduce the prothrombin time of the mixture to 
normal. Since this could not be explained by the 
simple addition of prothrombin, Owren tried the 
effect of adding normal plasma from which the 
prothrombin had been removed by adsorption' with 
Al(OH), ; 20 per cent of such plasma, itself inco- 
agulable, reduced the prothrombin time of the 
patient’s plasma to normal, thus demonstrating the 
presence of some factor that was not fibrinogen, 
since this was normal in the patient's plasma, nor 
prothrombin, nor caldum or thromboplastin, both 
of which had been ineffective in the prothrombin 
test. Owren called this factor which was deficient in 
his patient “ factor 5,” being the fifth dotting com- 
ponent. He went on to isolate factor 5 in a state 
of relative purity, and in an extensive series of 
e.xperiments he showed that it is very' labile, is not 
absorbed by AlfOH),, and is essential for the con- 
version of prothrombin to thrombin by thrombo- 
plastin and calcium. He showed that the injection 
of the factor into his patient reduced her coagula- 
tion time to normal. The failure by prerious wor- 
kers to recognize factor 5 seems to be due to the 
fact that, by ordinary methods of preparation, the 
fibrinogen and prothrombin fractions are hearily 
contaminated with it, so that its detection by virtue 
of its absence is difficult. 

Quick (1947c) has not been slow to recognize 
Owren’s factor 5 as being probably identical with 
his own “labile factor.” Indeed, it seems prob- 
able that most of the discrepancies between the 

1- and 2-st3ge methods are due to unsuspected 
variations in factor 5, The 1-slage method, being 
dependent as it is on the rale of conversion of 
prothrombin, is s'cry sensitive to variations in the 
concentration of such an accelerator, while the 

2- stage method, dependent upon the amount of 
thrombin generated, is much less so. This is one 
of the reasons why, for practical purposes. Quick’s 
method gis-es a better indication of the patient's 
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liability to bleed. In the rare event of a factor-5 
deficiency' being suspected in a patient, factor 5 
can be estimated by the method of Owren (1947a), 
which depends on the addition of dilutions of the 
test plasma to factor-5-free prothrombin, fibrino- 
gen, thromboplastin, and calcium. 

It seems to be established by weight of evidence, 
therefore, that what is usually regarded as pro- 
thrombin is a complex of two or more com- 
ponents. The objection of Loomis and Seegers 
(1947) was based on the fact that the prothrombin 
time of old plasma could be restored by the 
addition of fresh fibrinogen so that they con- 
sidered Quick’s labile factor to be a fibrinogen 
defect, but it is probable that their fibrinogen was 
contaminated with factor 5, which might thus be 
the active agent. The finding of Chak and Giri 
(1948) that the prothrombin time of stored plasma 
can likewise be restored by the passage of CO.^ 
suggests, however, the possible existence of a 
labile inhibitor that is developed during storage, 
and it is not, at the moment, clear in its 
implications. 

Factor 5 or its equivalent has been accepted as 
an entity by some workers with such enthusiasm 
that they have discussed the priority of its dis- 
covery with considerable energy {Lancet corre- 
spondence, 1947). It must not be forgotten, how- 
ever, that it is Nolf who has always maintained 
(Nolf, 1908, 1938, 1945) that five factors take part 
in coagulation. It is most probable that the factor 
called “ thrombogen ” by Nolf is identical with 
the newly described “ factor 5 ” of Owren and 
“ labile factor ” of Quick. All three descriptions 
portray a relatively labile substance not adsorbed 
by such agents as AlfOH),, CajfPO,),, or Seitz 
filtration, and which is necessary for the coagula- 
tion, by thromboplastin and calcium, of a mixture 
of fibrinogen and the convertional “ prothrombin.” 
The credit for original recognition of this factor 
would" thus appear to be due to Nolf. 

Other factors. — Unfortunately factor 5 is not 
the only addition which is likely to be made to 
the coagulation theory. Owren (1947a) considers 
it necessary to postulate a derivative of factor 5 
which autocatalytically activates prothrombin in 
the presence of thromboplastin and calcium. This 
is based on the observation that small sub- 
samples of a reacting mixture of thromboplastin, 
prothrombin, factor 5, and calcium will clot 
oxalatcd plasma faster than it will clot an equiva- 
lent solution of fibrinogen, whereas a given 
amount of thrombin will clot the fibrinogen faster 
than the plasma. It is argued that something must 
be produced during the reaction that activates the 


prothrombin of the oxalated plasma, so that there 
is more available thrombin in this system than in 
the fibrinogen mixture. It can be shown that the 
thromboplastin and calcium arc not active in this 
way in the absence of prothrombin. It is sup-' 
posed, therefore, that a “ factor 6 " is generated 
that explains this autocatalytic reaction. These 
results arc of interest, but their interpretation is 
not yet quite clear. Astrup (1944) obtained sub- 
stantially similar results, and di.scussed the auto- 
catalytic reaction at some length, being of the 
opinion that it is due to the activation of a 
plasma thrombokinasc. Fischer (1935b) had 
made similar observations, and Bertrand and 
Quivy (1946) — using a photometric method for 
estimating clotting times — and Laki (1943) also 
support the necessity for postulating autocatalysis 
in the normal generation of thrombin, but further 
and carefully controlled experiments arc required 
before the significance of this phenomenon is 
clear. 

Quick (1947c), from studies of two families with 
inherited haemorrhagic diathesis associated with 
prolonged 1 -stage prothrombin times, comes to 
the conelusion that in one of them the defect is 
due to a deficiency of prothrombin component B, 
already described. The other family, however, 
shows the deficiency of another prothrombin 
factor which is neither B nor the labile factor 
(previously called component A. very probably 
identical with factor 5). Quick, therefore, postu- 
lates the existence of a third prothrombin com- 
ponent deficient in this family, and proposed “to 
avoid confusion ” by calling his original com- 
ponent A “ labile factor," and the new com- 
ponent “component A.” He suggests that it is 
the new component A which is reduced in 
vitamin-K deficiency. 

Quick (1947a) has also — by means of an 
ingenious experiment involving the decalcification 
of plasma in silicone-treated tubes, by “ amberlitc ’’ 
— shown that there is probably a co-factor re- 
quired for calcium action in thrombin generation, 
this being independent of the other components of 
the prothrombin complex. 

Abnormal Blood Coagulation 

Artificial anticoagulants. — Of the anticoagulants 
used cither in vivo or in vitro for therapeutic or 
experimental purposes, heparin has already been 
considered, since technically it is a naturally 
occurring anticoagulant. The various decalcifying 
agents such as citrates, oxalates, phosphates, and 
fluorides have been discussed in relation to the 
effect of calcium on the coagulation mechanism ; 
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and the pancreatic , and soya bean trj'psin in- 
hibitors ha%'e been considered from the point of 
view of their powerful and interesting antagonism 
to the action of thromboplastin. 

An important group of anticoagulants are 
certain azo-dyes, including Chicago blue and 
chlorazol pink studied by Rous and others 
(1930), Huggett and Rowe (1933), and Huggett 
(1934), the latter worker considering that their 
action was on thrombokinase. Recent work by 
Astrup (1944) suggests that they are similar to 
heparin in their action, though they do not require 
the heparin co-inhibitor. Germanin, the anti- 
coagulant action of which was noted by Mayer 
and Zeiss (1920), was found by Lenggenhager 
(1936) to act by stabilizing fibrinogen. Astrup 
(1944) states that this drug, and liquoid (sodium 
polyanethosulphonate), inhibits the thrombin-fibri- 
nogen reaction possibly by reacting directly with 
fibrinogen. It has been observed by Pleming and 
Fish (1947) that penicillin has an anticoagulant 
effect, but its mode of action has not yet been 
investigated. 

Hirudin, the anticoagulant secreted by the leech, 
was thought by Mellanby (1909) to be an anti- 
■ thrombin. This, and many other similar anti- 
coagulant secretions produced by blood-sucking 
animals, have been largely neglected in modern 
times. 

Dlcoumarin. — TTie discovery of dicoumarin 
ranks, in the recent history of research on the 
haemorrhagic diatheses, second only in importance 
to the discovery' of vitamin K. In 1929 and 1931 
.Roderick recorded that there appeared to be a 
prothrombin deficiency in animals suffering from 
to.xic sweet-clover disease. Quick (1937) showed 
that the toxic clover hay produced a significant 
fall in the prothrombin level of animals to which 
it was fed, and, with the aid of prothrombin-time 
estimations as an assay method. Link and his co- 
workers (Campbell and others, 1941; Campbell and 
Link, 1941 ; Stahmann and others, 1941) were able 
to identify' the toxic principle as 3,3'-methylene- 
bis-(4-hydroxycoumarin)'and were then able to 
synthetize it in the laboratory'. 

Dicoumarin acts when given by mouth by re- 
ducing the prothrombin available for coagulation. 
There is a lag period after administration of from 
24 to 48 hours before the reduction in prothrombin 
(Allen and others. 1942), suggesting an interference 
with production rather than a direct effect on 
existing prothrombin. Vitamin K given with 
dicoumarin ‘ prevents the fall in prothrombin 
(Shapiro and others. 1943a ; Davidson and others, 
1945), but once the hypothrombinacmia is estab- 


lished vitamin K has little effect (Allen and others, 
1942 ; Davidson and Macdonald, 1943 ; Meyer 
and others, 1942). 

Quick (1947c) considers that dicoumarin causes 
a reduction of component B of prothrombin, but 
its mode of action is unknown. Its relation 
to the salicylates has been put forward by Lester 
(1944), and there are points of similarity between 
its structure and that of vitamin K which might 
suggest a possible competition in which the in- 
active dicoumarin displaces vitamin K (Fig. 2). 
A number of workers (Link and others, 1943 ; 
Meyer and Howard, 1943 ; Shapiro and others, 
1943b; Rapoport and others, 1943) have re- 
ported an effect similar to that of dicoumarin 
resulting from the prolonged administration of 
salicylates in man and animals. 

Naturally occurring coagulation defects. — There 
is a group of haemorrhagic diatheses in which the 
primary cause of the abnormality is inefficient 
blood coagulation. This may be a result of . an 
inborn, often hereditary, defect, or of an acquired 
deficiency of some necessary' factor, or it may be 
secondary to a disease process. In general, the 
clinical manifestations of the different clotting de- 
fects are similar. The patient is liable to bleed for 
long periods of time from, or into, any tissue of 
the body in which the vessels are damaged' by 
trauma or disease. In consequence, not only is 
there a danger of death from haemorrhage, but 
the effects of large effusions of blood into super- 
ficial or deep tissues, into joints, the nervous 
system, or internal organs, may be crippling or 
even fatal. There is thus a generalized haemor- 
rhagic diathesis, in distinction to that of the 
purpuras, which is usually localized to the skin 
and mucous membranes (Macfarlane, 1941). As 
regards pathological investigations^ the platelet 
count, the bleeding time, and the capillary' resis- 
tance tests are typically normal, the coagulation 
defect being the only' positive finding. Table II 
shows a classification of these conditions based on 
the coagulation defects thought to be responsible. 

Haemophilia. — Many attempts have been made 
in the last 50 years to settle the problem of the 
slow coagulation of haemophilic blood, and to 
many of the investigators concerned it seemed that 
a solution had been found only to be refuted by 
others. The earliest conclusions, curiously, were 
nearer the most recent views than those that 
interv'cned. Sahli (1905) thought that thrombo- 
plastin was lacking in this condition, a view sup- 
ported by the obsersation of Morawitz and Lessen 
(I9DS) that haemophilic blood clotted rapidly on 
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TABLE 11 

A CLASSIFICATION OF THE HAEMORRHAGIC DIATHESES DUE TO DEFECTIVE COAGULATION 


Condition 

Causation 

Coagulation defect 

Haemophilia 

Hereditary 

Thromboplastinogcn deficiency 

Pseudo-haemophilia . . . . 

Idiopathic or secondary 

Hypoprothrombinaemia 

Idiopathic or hereditary 

Component A deficiency 

Vitamin-K deficiency ; 

1. Mal-absorption 

Jaundice : sprue 

2. Congenital 

Neonatal 

3. Mal-utilization 

Liver disease 

Hereditary: idiopathic 

Component B deficiency 

Dicoumarin poisoning 

Idiopathic 

Factor 5 deficiency 

Afibrinogenaemia 

Hereditary 

Fibrinogen deficiency 

Liver disease 


the addition of tissue extract, suggesting that the 
rest of the clotting mechanism was intact. 

These observations were extended by Fonio 
(1914),. who showed that normal platelets clotted 
haemophilic blood in a normal time. Attention 
was thus directed towards the platelet function in 
haemophilia, and it was suggested by Minot and 
Lee (1916) that they were functionally defective in 
this condition, a conclusion supported by Birch 
(1932). 

, It was soon pointed out, however, that these 
experiments, involving the transfer of normal 
platelets to haemophilic plasma and vice versa, 
might have other interpretations, and that a 
plasma factor contaminating .the platelets might 
be the active agent (Eagle, 1935b ; Patek and 
Stetson, 1936). The latter workers, and later 
Patek and Taylor (1936), showed that small 
amounts of platelet-free normal plasma were 
effective in clotting haemophilic blood, even in 
high dilutions and after filtration, thus explaining 
the familiar beneficial effect of transfusion of 
normal blood in haemophilia. Fractionation of 
the plasma showed that the active factor was 
associated with a globulin, a conclusion reached 
independently by Bendien and Van Creveld 
(1937). Considerable progress has been made 
along this line by a large group of workers in the 
United States, and it has been found that the 


factor in normal plasma effective to clot haemo 
philic blood is present in Cohn's Fraction 1 
(Cohn, 1946), which contains also fibrinogen anc 
some prothrombin. The factor is relatively heat- 
stable, so that fibrinogen and prothrombin can be 
destroyed without loss of activity (Lewis and 
others, 1946a). The administration of smal 
quantities of this material to haemophilic subjects 
materially, if temporarily, reduces their clotting 
time (Minot and others, 1945; Lewis and-others, 
1946b) without inducing a refractory state some- 
times seen as a result of repeated blood trans- 
fusions (Munro and Jones, 1943). It may there- 
fore be assumed that in haemophilia there is a 
lack of a soluble plasma factor, associated with 
the globulin fraction, and probably related to, 
or identical with, the plasma thromboplastins 
already discussed. Reduced activity of this factor 
could explain the slow clotting of haemophilic 
blood which- is due to the very small amount of 
prothrombin converted during the clotting pro- 
cess (Brinkhous, 1939), and the normal “pro- 
thrombin time ” observed by Quick, Stanley- 
Brown, and Bancroft (1935) when thromboplastin 
is added. 

The platelets, however, have once more assumed 
some indirect importance in the understanding of 
this problem. In 1941(b) Quick introduced a diag- 
nostic test for haemophilia which depended on the 
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fact that centrifuging oxalated haemophilic blood 
increases the clotting time of the recalcified plasma 
-to a much greater proportionate degree than does 
the similar treatment of normal blood. Though 
the exact implication of this reaction is not clear, 
it-suggests that haemophilic plasma is abnormally 
dependent on the presence of platelets. This par- 
ticular type of investigation has now been extended 
by Brinkhous (1947). Using platelet-free plasma 
samples obtained without any contact action by 
centrifuging in silicone-liried tubes, he made the 
following observations : 

1. Neither normal nor haemophilic platelet-free 
plasma will clot on contact with glass, either 
separately or mixed together. 

2. The addition of normal or haemophilic plate- 
lets to the haemophilic plasma did not result in 
clotting in glass. 

3. The addition of both platelets (normal or 
haemophilic) and a small amount of normal plasma 
to the haemophilic plasma resulted in rapid 
coagulation in glass. 

Brinkhous therefore concludes that both platelets 
and a plasma factor are essential for thrombo- 
plastic activity, and that the plasma factor, which 
he thinks is a “ thrombocytolysin” that normally 
disrupts the platelets to furnish thromboplastin, 
is lacking in haemophilia. Quick (1947b) has 
made essentially similar observations by a similar 
technique, but concludes that the plasma factor 
is a thromboplastin-precursor (thromboplastino- 
gen) normally activated by a platelet factor, the 
former being deficient in.haemophilia. The writer 
has already suggested that the platelet factor may 
not be an activator but a lipoid co-factor. 

Whether this defect is due to deficiency of 
“ thromboplastinogen ” or to the presence of an 
inhibitor is not yet clear. Tocantins (1943a, b ; 
1946) favours the presence of an “ anticephalin ” 
in excess. Feissly (1944) also finds an anti- 
coagulant excess in haemophilic blood, associated 
with the albumin. On the other hand it is curious 
that there are persistent reports of some defect 
in the fibrinolytic system of haemophilic blood 
(Tagnon and others, 1942 ; Feissly, 1942 ; Mac- 
farlane and Biggs, 1948), and the possibility that 
plasmin may be an activator of the thrombokinase 
complex cannot be ruled out. It may be mentioned 
that factor 5 is normal in haemophilia (Owren, 
1947a). 

Pscudohacmophilia. — ^The term pseudohaemophilia 
should be reserved to describe the states in which 
there is a clotting defect indistinguishable from that 
found in haemophilia, but which, for genetic reasons, 
cannot be regarded as the true condition. Joules and 
Macfarlane (1938) described such a diathesis acquired 
by a woman in late middle life. In no way could 


the clotting defect be shown to vary from that of true 
haemophifia, and apart from the historj' the clinical 
resemblance was complete. A similar case has been 
described by Maddison and Quick (1945). It has also 
been observed by the writer (unpublished) to occur 
as a complication of conditions with abnormal globu- 
lins, such as multiple myelomatosis, and as Hodgkin’s 
disease. The use of the term pseudohaemophilia, to 
describe cases of athrombocytopenic purpura, a con- 
dition which has no clinical, genetic, or haematological 
resemblance to haemophilia but which is still so 
described by recent writers (Estrer and others, 1946 ; 
Perkins, 1946), is to be deplored. 

Hypoprothrombinaemia, — The historical back- 
ground to the recognition of hypoprothrombin- 
aemia and the existence of vitamin K has already 
been briefly outlined, and an admirable and de- 
tailed account of the conditions in which it occurs 
will be found in Quick’s monograph (Quick, 1942). 

The most important cause of hypoprothrombin- 
aemia is vitamin-K deficiency, which may arise in 
several ways. In obstructive jaundice and biliary 
fistula the absence of bile salts reduces the absorp- 
tion of the natural fat-soluble vitamin K from the 
intestine, with consequent lowering of the pro- 
thrombin content of the patient’s blood and the ' 
development of the characteristic bleeding ten- 
dency that so often complicated this type of jaun- 
dice in the past In haemorrhagic disease of the 
newborn there is, apparently, a congenital defi- 
ciency of vitamin K which can be prevented by 
the prophylactic use of the vitamin (see Lehmann, 
1944). A less familiar cause of vitamin-K defi- 
ciency is the intestinal absorption abnormality asso- 
ciated with sprue, steatorrhoea, or chronic diar- 
rhoea (Kark and others, 1940 ; Collins and Hoff- 
mann, 1943). The haemorrhagic diathesis in such 
cases may occasionally develop rapidly and lead to 
diagnostic confusion. In liver disease with impaired 
function the prothrombin-deficiency is apparently 
due to failure to utilize vitamin K, and, unlike the 
other conditions mentioned, there is little response 
to its administration. 

In animals, prothrombin deficiency may occur 
as a result of poisoning by feeding stuffs contain- 
ing dicoumarin, a condition that has already been 
mentioned in relation to the discovery of the toxic 
factor. The now prevalent use of this material in 
human beings for therapeutic or prophylactic pur- 
poses is an important source of hypoprollirom- 
binaemia, thou^, strictly, it cannot be called a 
“naturally occurring’’ condition. The effect of 
dicoumarin, being delayed and to some extent 
cumulative, is not always easy to control. In con- 
sequence there are many instances of the develop- 
ment of alarming haemorrhagic manifestations. 
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such as bleeding from operation sites, from mucous 
membranes, into the tissues, or from the kidneys 
(Allen and others, 1942; Crawford and Nassim, 
1944 ; Shlevln and Lederer, 1944). Allen and 
others (1942) found that vitamin K did not reverse 
the effect of dicoumarin in such cases, though blood 
transfusion was more effective. 

In controlling dicoumarin therapy, and in the detec- 
tion of hypoprothrombinaemia in general, it is the 
writer’s experience that Quick’s prothrombin method 
performed with a brain thromboplastin gives clinically 
the niost useful results. Prothrombin concentration 
is expressed as a percentage of normal by the use of 
a number of the curves already described. It is 
important to remember that with low concentrations 
of prothrombin such as are met with in dicoumarin 
poisoning, the concentration of calcium and thrombo- 
plastin becomes very critical, and that occasionally an 
excess of either may so delay the clotting that Quick’s 
test has a longer time than the simple coagulation 
time of the same blood sample (Macfarlane, 1942 ; 
Fantl and Nance, 1947). Russell’s viper venom has 
been found unreliable as a thromboplastin in assay- 
ing the effect of dicoumarin, since the prothrombin 
time may be considerably shorter than with brain 
extract and a dangerous overdosage of the drug may 
be given, an effect also observed by Lempert (1948). 
It must also be remembered that patients with a 
moderate hypoprothrombinaemia which is above the 
level at which bleeding occurs may be precipitated 
into a severe haemorrhagic diathesis by blood lo.ss. 
The prothrombin concentration of the blood, already 
deficient, may be lowered disastrously by the dilution 
of - the blood volume that follows severe bleeding, 
such as that occurring at operation or delivery. 

The cases of so-called idiopathic hypoprothrom- 
binaemia as described by Rhoads and FitzHugh 
(1941) and Austin and Quastler (1945) are 
probably examples of a deficiency of one of the 
newly recognized “ prothrombin ” components 
such as factor 5. Owren’s (1947b) use of the term 
“ parahaemophilia ” for this condition seems to 
cause confusion, in particular since he has identi- 
fied the precise deficiency in his own case. Quick’s 
(1947a) two families with component- A and com- 
ponent-B deficiency respectively seem to be 
examples of inherited defects corresponding to 
those produced by vitamin-K deficiency, which 
apparently reduces component A, and dicoumarin 
poisoning which reduces component B. 

Fibrinopenia. — Fibrinopenia may occur as a con- 
genital absence of fibrinogen, possibly inherited as a 
recessive character (Macfarlane, 1937a) or secondarily 
to severe liver disease. Both are rare conditions, only 
3 cases of'the congenital form having been described 
in this country (Macfarlane. 1937a ; Witts, 1942 ; 
Henderson and others, 1945). The subject has been 
recently reviewed by Yeager and others (1947). 


VVhen the absence of fibrinogen is complete, as was 
the case with the English patients, the blood is, of 
course, incoagulable by any means except the addi- 
tion of fibrinogen. The rest of the clotting system 
appears to be intact, however (Macfarlane, 1937a), 
though thrombocytopenia may be associated with the 
disorder. It is curious that these patients arc less 
severely incapacitated by their abnormality than is 
usually the case with haemophilia, despite the fact 
that any participation of blood coagulation in what- 
ever mechanism prevents fatal bleeding is impossible. 

The fibrinopenia secondary to some disease process 
is usually not complete so that diagnosis .may be 
more difficult, since the clotting time is normal. The 
poor quality of the clots should be obvious, however, 
and a fibrinogen determination will reveal the defect. 

Increased fibrinolysis. — It has been suggested (Rci- 
mann. 1941) that inherent fibrinolysis of the clots 
formed in certain cases may be the cause of a haemor- 
rhagic diathesis. The evidence put forward is not 
convincing, and even in cases with active fibrinolysis 
no haemorrhagic diathesis has been observed by the 
writer that could be attributed directly to its .action. 
Bacterial contamination, however, may activate plas- 
min to an extreme degree and produce considerable 
proteolysis that may be one cause of so-called 
secondary haemorrhage. 

Circulating anticoagulants. — It has already been 
stated that anaphylactic shock will cause an outpour- 
ing of heparin in animals and possibly in man. A simi- 
lar effect has been observed by Allen and Jacobson 
(1947) in animals exposed to irradiation, an observa- 
tion of importance in view of the increasing risk of 
such exposure in modern life. 

Naturally occurring anticoagulants in demonstrable 
form as a cause of bleeding are of extremely rare 
occurrence, though cases have been described by 
Lozner and others (1940) and Fantl and Nance 
(1946b). 

Hypercoagulability of the Blood 

1. Artificial coagulants. — It is understandable 
that in the past, when the specific deficiencies 
now recognized to be responsible for coagulation 
defects were not understood, recourse should have 
been had to many strange substances thought to 
promote coagulation. Comparatively few agents 
have in fact the effect of hastening true coagula- 
tion other than those already partaking in the 
natural process. In recognition of this, attempts 
were made to extract these natural coagulants, and 
many proprietary preparations were derived from 
platelets, leucocytes, brain, muscle, lung, glands, 
milk, and so on. Since these were often intended 
to be given parcnterally it is perhaps fortunate 
that few of them possessed the powerful coagu- 
lant effect claimed for them, so that if no benefit 
was derived from their use little harm came cither. 
It soon came to b'e recognized that in haemophilia. 
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to the treatment of which these efforts were mainly 
directed, only the transfusion of fresh normal 
blood, or the globulin fraction derived from it, is 
effective in lowering the clotting time. 

The use of calcium for diminishing the risk of 
haemorrhage is still prevalent, however. It is 
apparently based on the misleading statement by 
Wright (1893) that calcium reduced the clotting 
time of haemophilic blood, and there seems to be 
little other evidence to support its use. 

For local application, two natural products, 
thrombin and fibrin, have proved themselves to be 
useful. There are now several preparations of 
thrombin which are extremely active and will pro- 
duce coagulation withirt a few seconds. One of 
these is derived from the interesting “ rabbit- 
clotting globulin” described by Parfentjev (1941) 
and Taylor and others (1941), and subsequently 
produced commercially. It must be stressed, how- 
ever, that no matter how powerful the coagulant 
its mere surface application to a bleeding point is 
useless for haemostatic purposes. The flow of 
blood merely washes the coagulant away to form 
ineffective clots at some point removed from the 
site of haemorrhage. It is essential in addition to 
. control the bleeding by temporary pressure to give 
the mixture of blood and coagulant time to clot 
in situ. 

The haemostatic efficiency of a blood clot is 
increased if it is reinforced by a dressing or 
light plug. The disadvantage of such foreign 
material is that it has eventually to be removed, 
a process often resulting in a recurrence of 
haemorrhage. The use of preformed fibrin in the 
form of sheets or “ foam ” is a considerable advan- 
tage in this respect, as it serves as a dressing that 
is naturally disposed of during healing (Macfarlane, 
1943). Such fibrin preparations have now been 
greatly improved by American workers and have 
been used with success in a number of conditions 
(Bering, 1944 ; Ferry and Morrison, 1944 ; Wood- 
hall, 1944). Other digestible haemostatic dress- 
ings of artificial nature, such as gelatine sponge 
(Light and Prentice, 1945) and soluble cellulose 
(Seegers and Doub, 1944), have also been reported 
to be efficient. 

Of the artificial coagulants, some, such as 
citrate, egg albumin, peptone, pectin, gum arabic, 
and others, have been given parenterally. Citrate, 
paradoxically, seems to have some slight and 
transitory coagulant effect (Neuhof and Hirsch- 
fcld, 1922), but vcr>' large transfusions of citrated 
blood to exsanguinated patients have, in the 
writer's experience, been associated with depressed 
coagulation. An egg albumin preparation was 
K 


developed by Timperley and others (1936) for the 
treatment of haemophilia, but their early results 
have not been substantiated. 

Of artificial coagulants for local use, the venom 
of Russell's viper, physiologically resembling a 
thromboplastin, has been found effective (Macfar- 
lane and Barnett, 1934; Macfarlane, 1935) with 
the same reservations that apply to the use of 
thrombin. Other snake venoms have a coagulant 
action (Barnett and Macfarlane, 1934), and 
Rosenfeld and Lenke (1935) have used that of the 
Australian tiger snake as a local haemostatic. 

Many other substances, mainly used out of respect 
for tradition, have been employed as local haemo- 
statics, and it would be laborious and out of place 
to consider them here. An account of many of them 
is given by Pickering fl928). Some, such as ferric 
chloride and turpentine, are not true coagulants but 
precipitants of plasma protein, and they have a danger- 
ously necrotizing effect on the- tissues, so that their 
use is absolutely contraindicated in haemophilic 
patients in whom healing must be encouraged by all 
possible means. The cautery has a similar effect and 
should be avoided in haemophilic patients for the 
same reason. 

2. Intravascular coagulation. — The clotting of 
blood within darft'aged vessels and those immedi- 
ately adjacent to a traumatized area is, of course, 
a physiological response to injury and a safeguard 
against blood loss. Coagulation in such vessels 
occurs because the local production of coagulant 
factors overwhelms the local concentration of 
anticoagulant factors. This process extends until 
the junction of the affected vessel with one carry- 
ing flowing blood is reached, when the clotting 
factors are so diluted as to be ineffective. Simi- 
larly, on isolated areas of damaged endothelium 
there will be deposition of platelets followed by 
fibrin to build up the familiar white thrombus, but 
so long as the blood flow is maintained massive 
intravascular coagulation will not occur. 

The uncontrolled extension of this physiological 
process or its appearance in remote parts of the 
body is a familiar hazard of post-traumatic and 
fjost-operational states, and of certain disease pro- 
cesses. Such extensive thrombosis may restrict 
the blood supply of a limb, or of a vital tissue, as 
in mesenteric, coronary, or cerebral thrombosis, 
and detachment of a clot may cause pulmonary or 
other embolism. 

Since it is true to say that many more patients 
die of thrombosis and its effects than of inefficient 
coagulation, it is clear that the problem is of 
greater social importance than the haemorrhagic 
diatheses and would seem to deserve greater atten- 
tion in this review. However, this mysterious and 



138 


R. G. M ACF ARLAN E 


unpredictable occurrence apparently is not pri- 
marily due to an abnormality of the blood-clotting 
mechanism, but to the combination of tissue dam- 
age and circulatory stasis that may displace the 
clotting-anticlotting equilibrium in favour of 
coagulation. 

A further cause of thrombosis is infection by 
certain organisms. It is well known that most 
pathogenic strains of Staph, aureus, for instance, 
produce a toxin capable of rapidly clotting human 
blood. Since it is equally effective if the blood 
is oxalated, it was assumed to act as a thrombin. 
Smith and Hale (1944) have investigated the action 
of this toxin and have shown that it requires the 
presence of a co-factor, at the moment uniden- 
tified, that exists in most, but not all, samples of 
human plasma. 

Many of the snake venoms already mentioned 
are powerful blood coagulants, and the rapidly 
lethal effect in small animals and the local gang- 
rene in man following bites by such snakes is 
probably related to intravascular coagulation 
(Macfarlane, 1937b). 

So far, no abnormality of the blood has been 
established as a reliable indication of impending 
pathological thrombosis. It is ktlown that trauma, 
as such, increases the clotting efficiency of -the 
blood. It is well known, for instance, that the 
platelet count increases (Tocantins, 1938) and that 
there is a rise in fibrinogen and the sedimenta- 
tion rate, and a fall in the coagulation time. These 
changes, however, are physiological rather than 
pathological, and no quantitative estimate of their 
magnitude seems to have been related to the inci- 
dence of thrombosis. “ 

Platelets and thrombosis. — There are, however, 
certain lines along which progress is being made. 
The importance of the behaviour of the platelets in 
thrombus formation has been stressed since the 
time of Bizzozero (1882). Recently the “sticki- 
ness ” of platelets, obviously an attribute that 
controls their tendency to adhere to foreign sur- 
faces, has been studied quantitatively by Wright 
(1941, 1942, 1944). She has found that in condi- 
tions associated with an increased platelet count, 
such as parturition and surgical operation, there 
is an increase in the adhesiveness. This may be 
related to the fact that young platelets are more 
adhesive than old ones and that rapid production 
from the marrow increases the proportion of 
young platelets. She has also found that anti- 
coagulants, such as heparin and chlorazol-fast 
pink, decrease the adhesion of platelets as 
measured by her method. A similar decrease of 
platelet adhesion following dicoumarin adminis- 


tration has been observed by Spooner and Meyer 
(1944). The nature of platelet adhesion is at 
present unknown. It was supposed by some 
authors (Lcnggcnhagcr, 1936 ; Wright, 1946) to be 
the result, rather than the cause, of coagulation, 
being due to a film of fibrin forming on the plate- 
let surface. The demonstration of platelet 
adhesion by Pinniger and Prunty (1946) in the 
blood of a case of congenital total absence of 
fibrinogen appears to dispose of this explanation. 

Ollier blood changes in llironibosis. — Hirschbocck 
and Coffey (1943) have utilized a clot retraction-time 
estimation which they claim gives results related to 
the danger of thrombophlebitis and pulmonary embo- 
lism, and which, subject to confirmation, are of 
interest. 

Waugh and Ruddick (1944a, b) have made an 
interesting study of the anti-heparin effeet they have 
observed in the blood of patients kept at rest in bed 
and in acute infection. They find that heparin has 
less anticoagulant effect on the blood of such patients 
in vitro than in normal blood, an obsers’ation that is 
worth extending. 

The work of Lyons (1945a, b) on the existence of 
a more reactive fibrinogen (fibrinogen B) that may be 
increased in conditions associated with thrombosis 
appears to be of considerable promise and should be 
followed up without delay. 

Finally, it may be said that there are many factors 
possibly related to the problem of thrombosis that 
have received very little attention. Fibrinolysis may 
be a process that normally limits 'the extension of 
intravascular clots, and it would be instructive to 
follow the development of the fibrinolytic reaction 
in relation to thrombosis. A systematic assay of 
the normal anticoagulant factors might also' yield 
information of considerable value. 

The prcvcnlion of llironibosis. — Once thrombo- 
sis is established very little can be done apart from 
attempts to prevent its extension. In this respect, 
and more particularly as a prophylactic measure 
in post-operative and post-partum cases, the use of 
the anticoagulants heparin and dicoumarin has 
been extensive and apparently successful. The 
pioneer work of Murray and others (1937), Best 
and others (1938), and Solandt and Best (1938) 
established that heparin was an agent preventing 
platelet agglutination and thrombus formation on 
damaged intimal surfaces, both active and non- 
toxic in vivo. Thereafter, heparin has been used 
on a large scale (Murray, 1940; Crafoord, 1939; 
Crafoord and Jorpes, 1941) as a therapeutic and 
prophylactic measure, and in vascular surgery. 
Heparin has a rapid effect which is of short 
duration, and in consequence it is usually advis- 
able to give it by continuous intravenous drip 
(Quick, 1942) or by four, five, or more intravenous 
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injections daily (Crafoord, 1939), if the clotting 
time is to be maintained at a reasonably high level. 
This practical disadvantage might be overcome by 
combining heparin with- some slowly absorbed 
base. Attempts in this direction have been made 
by Loewe and Rosenblatt (1944) and Evans and 
Boiler (1946), ' but the local injection of such 
preparations has its own disadvantages. As regards 
dosage, this should be controlled by Lee and 
White clotting-time estimations, a time of about 
20 or 30 minutes being desirable. “ Units ” of 
heparin are unfortunately still variable quantities, 
though it has been recommended by the Toronto 
workers (Best, 1940) that it should be fixed at 
1 / 100 mg. of their pure barium salt of heparin. 
An initial dose of about 10,000 units is usual for 
an adult, subsequent doses being regulated by the 
patient's response. 

Since ordinary preparations of heparin have a 
transitorj’ effect, untoward haemorrhage can 
usually be controlled by merely stopping adminis- 
tration. Cerebral haemorrhage, however, is a real 


danger in patients with_ infective endocarditis 
treated with heparin (Witts, 1940). 

Diconmarin. — ^The difficulty of maintaining the 
effect of heparin, which is a relatively safe drug, 
has led to the use of the slowly acting, but more 
dangerous, dicoumarin. Introduced by Butt and 
others (1941) and Bingham and others (1941), it has 
had an extensive clinical application with appar- 
ently satisfactory' results from the therapeutic point 
of view (Allen, 1947 ; Zilliacus, 1946). It must be 
mentioned that the incidence of thrombosis in the 
treated cases cannot be compared legitimately with 
the incidence of thrombosis in cases treated in the 
days before anticoagulant therapy was instituted, 
since other factors, such as avoidance of immobil- 
ization, reduction of infection, and other improve- 
ments may also have reduced the liability to 
thrombosis. Such comparisons, however, are- 
made by the authors quoted. Not all authors 
agree, moreover, as to the therapeutic value of 
dicoumarin (Wasserman and Stats, 1943) or as 
to the theoretical basis for its use f Moses, 1945). 



Fig. 9. — A diagrammatic synthesis of the factors probably concerned in TOaguIation. and their interrelationship. 
A single arrow signifies “reacts with.” A double arrow signifies “produces." A ime Joining tv^o 
factors signifies “in conjunction with," more picasc information in this case being not avaiiabie. 
.Anticoagulant factors arc outlined with a dotted line. 
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As regards dosage, it is usual to begin with 5 nig./ 
kilo body weight on the first day. followed by 1.5 nig-/ 
kilo daily (Quick, 1942) until the prothrombin con- 
centration as measured by Quick's method is between 
20 per cent and 30 per cent. Below 10 per cent there 
is a serious risk of bleeding, which once established 
may be diflrcult to stop even by large doses of vita- 
min K and blood transfusion. Control of the action 
of the drug is not always easy. There is a variable 
lag period, so that there may be a long delay before 
a significant fall in prothrombin, and continuing 
depression after cessation of administration, both 
complicated by variations in the susceptibility of 
individual patients. The technical difficulties of pro- 
thrombin determination in patients receiving the drug 
have already been noted. 

Conc\usion 

From the rather confused collection of facts, 
observations, and opinions discussed in the fore- 
going review it is possible by a (perhaps unjusti- 
fied) selection to build up a composite picture of 
the coagulation mechanism. This, unfortunately, is 
considerably more complicated than the older con- 
ceptions had visualized. It is illustrated diagrtim- 
matically in Fig. 9, which is a synthesis embody- 
ing those factors which seem reasonably well estab- 
lished. It will be seen that coagulation is initiated 
by admixture with tissue fluid, which provides 
active thromboplastin, or, what is probably more 
important, by contact with a foreign surface. This 
causes rupture of platelets with the consequent 
availability of some activating factor, or co-factor, 
which reacts with the thromboplastinogen (using 
Quick’s term) to form active thromboplastin, 
which in turn reacts with the “ prothrombin com- 
plex.” This,complex is, for the moment, shown as 
a combination of calcium, calcium co-factor, pro- 
thrombin components A and B, and factor 5. The 
exact relationship of these components to each 
other and to thrombin production is not clear at 
present, and a more specific designation is un- 
justified. The presence of all of them, however, 
is required for adequate production of thrombin 
under the influence of thromboplastin. Once 
formed, thrombin reacts with fibrinogen, possibly 
by the sulphydryl mechanism already discussed. 
It is possible that some intermediate fibrinogen 
product is formed, though whether this is “ pro- 
fibrin ” or “ fibrinogen B ” or whether these two 
arc identical is not yet established ; the supposition 
that there are two different thrombins does not 
seem sufficiently supported to justify their inclu- 
sion. The so-called “ autocatalytic reaction,” 
illustrated in the diagram as the activation of 


thromboplastinogen by some effect of thrombin 
formation, is largely .speculative and is merely 
one explanation of an observed phenomenon. 
Owren considers that an actual factor, " factor 6," 
is produced which activates prothrombin directly. 
The arguments for and against this contention are 
loo involved to pursue here, but it can be said 
that since the activity ascribed to factor 6 might 
well be due to one of the other known factors 
involved, or even to a physical effect, and since 
the assumption of its existence complicates, rather 
than simplifies, the concept of thromboplastic 
action, the principle of Ockam's razor, never very 
popular with the constructors of coagulation 
theories, should reluctantly be applied. 

The diagram illustrates also the probable inhi- 
bitors of coagulation, and it should be realized that 
only when the rate of production of the clotting 
factors exceeds the rate at which they arc neutra- 
lized by inhibitors can coagulation occur. The 
fibrinolytic system is included, partly for the sake 
of completeness, since the disposal of blood clots 
is a physiological necessity, and partly as a re- 
minder that it may play a much more important 
part in the coagulation mechanism than is now 
apparent. 

It may seem curious that blood coagulation, 
which is after all a subsidiary and non-essential 
fragment of total bodily activity, should involve 
the multiplicity of factors illustrated, and a com- 
plexity which grows rather than resolves with 
increasing knowledge. Perhaps it is that in tins 
particular subject the rather intensive investiga- 
tion it has received has merely revealed more 
clearly the almost limitless complexity that under- 
lies even the simplest of biological processes, h 
may be, however, that the conception of separate 
interacting factors is wrong in principle, being 
based on the artificial reactions of portions ol 
plasma removed by force. Future workers ma) 
possibly agree with Pickering, who wrote twenty 
years ago that “ instead of postulating a large 
number of bodies reacting in unknown ways, the 
plasma is seen as a unit capable of easily reacting 
to foreign substances by its unsatisfied side-chains, 
but returning to a normal condition when the 
foreign material has been eliminated.” 

I wish to thank Dr. Rosemary Biggs for her 
sion to quote unpublished results, and for consider- 
able help in the preparation of this paper. I nm ,'i|5 
grateful to Dr. A. H. T. Robb-Smith for hjs ‘advice 
on the historical references, and to Mr. J. Pining m 
his technical help in those experiments i used w 
illustration. 
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THE DETERMINATION OF PACKED CELL VOLUME 
FROM BLOOD AND PLASMA GRAVITIES 
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Phillips and others (1945) recommended the use 
of standard copper sulphate solutions for determin- 
ing the specific gravity of whole blood and of 
plasma. From these two values they calculated 
the blood cell volume using Ashworth and Tigertt's 
(1940-1) equatipn; 


( 1 ) 


CV = 100 X 


Gb - Gp 
Gc — Gp 


where CV is the volume in ml. of packed cells in 
100 ml. of blood, and Gb, Gp, and Gc are the 
specific gravities of the whole blood, plasma, and 
packed cells respectively. For Gc the normal value 
of 1.0970 was assumed. 


The object of this investigation was to find out 
how far this method could be employed usefully 
in India Command in place 6f the usual haemato- 
crit technique, which requires equipment not 
always available. Assessments of mean corpus- 
cular volume based on an inspection of dry blood 
films or of the cells in the counting chamber 
cannot be expressed in, figures, and it has thus been 
difficult to obtain information as to the improve- 
ment or deterioration in individual cases or to 
compare the blood state of different groups of 
population. 

Seventy-five samples of venous blood were 
taken, the red cell concentration, the haemoglobin 
content, and the packed cell volume were 
measured, and the mean corpuscular volume and 
rriean corpuscular haemoglobin concentration 
calculated. The specific gravities of the whole 


blood and plasma were estimated by the copper 
sulphate method and the packed cell volume was 
calculated according to equation (1). The subjects 
were Indian soldiers, most of whom were healthy. 
The cases of severe anaemia were hospital patients 
suffering from post-dysenteric debility. 


McOiods 

Venous blood was withdrawn without stasis into 
syringes sterilized not less than twenty-four hours 
previously by hot liquid paraffin ; 2.5 ml. was 
measured into a neutral glass tube marked at tins 
volume and containing 2 mg. per ml. of a 3:2 mix- 
ture of ammonium and potassium oxalates. All esti- 
mations were done within three hours after the 
collection of the blood. 

Hnciiioglobin. — A Sahli-Adams “ Hemometer ” was 
used with square, non-fading, piano-parallel double- 
glass standards. This apparatus was restandardized 
against bloods the haemoglobin content of which was 
determined by the method of King and others (1944), 
in which an alkaline haematin standard prepared from 
crystalline haemin is employed. 

Red blood cells. — A Spencer’s bright-line counting 
chamber with the improved Neiibauer , ruling was 
used. Each count was performed twice in two dilu- 
tions prepared in two different mercury calibrated 
pipettes. 

Packed cell volume, — Wintrobe’s “ Hematocrit ’ 
tubes of 3 mm. bore were used. The samples were 
centrifuged for one hour in a Clay-Adams “Senior 
Model ’’ centrifuge at 2,500 r.p.m. 
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TABLE I 

DISTRIBUTION OF THE HAEMOGLOBIN AND MEAN CORPUSCULAR VOLUME LE\'ELS AMONGST THE 
75 INDIAN SOLDIERS TN'S’ESTIGATED 


Number of cases 

Haemoglobin in g.% 

Below 5 

5-7.9 i 

8-9.9 i 

j 10-11.9 

. 12-13.9 i 

i 14-15.9 

16 and above 

6 ! 

1 6 : 

9 

1 i 

14 I 

22 1 

i 5 

Mean corpuscular 

S Total 

! i 

1 


1 




volume in cu.fz 

number 

1 


1 i 

1 

1 

i i 

[ ; 


Below 80 

' 4 

i 

I 1 

1 



i ' 

1 1 


80-99 

33 

0 

1 i 

1 j i 

3 

4 

18 j 

4 

100-109 1 

13 

i 

1 1 

I : 

2 

6 i 

( 2 

1 

110-129 1 

15 1 

2 

1 

1 3 1 

6 1 

: 3 ! 

T 


130-160 

10 


4 

1 ^ ^ 

2 , 

1 i 




Specific gra>itj’. — ^Drops of whole blood and 
plasma were delivered from a capillary pipette into 
standard copper sulphate solutions varying in specific 
gravity by 0.001. Values falling between those of 
two adjacent standard solutions were interpolated to 
the nearest 0.0002 specific gravity.* While the effect 
of temperature is the same on the gravity of copper 
sulphate solutions and of plasma, this has not yet 
been proved to apply to whole blood also, and as the 
laboratory temperature varied between 12 and 35° C. 
it was noted for each measurement. 

Calculation of CAL — From the specific gravities of 
whole blood and plasma, CV was calculated using the 
above quoted equation. The added oxalates do not 
distribute themselves absolutely equally between cells 
and plasma, but this difference has only a small effect 
on the calculated results. The specific gravity values 
are given in Table II, and if wanted the corrections 
for oxalates according to Phillips and others (1945) 
can be introduced at anv time. Gc was taken to be 
1.0970. 

Results * 

Table I shows the distribution of the haemo- 
globin and mean corpuscular volume levels 
amongst the seventy-five soldiers investigated. 

If one classifies a blood haemoglobin content of 
above 14 g. per cent as normal, one between 12 
and 13.9 g. per cent as showing a tendency towards 
anaemia, and one below 12 g. per cent as definitely 
anaemic, then 36 per cent of the subjects can be 

• The specific grasily of blood or plasma is measured by dropping 
me fluid into copper sulphate solutions surying by 0.001 in gmsaty. 
For caample, if a plasma drop falls in a solution of s.g. 1.024 and 
nscs in one of s.g. 1.025. the grasits of the plasma is between 1.024 
and 1.025. If it rises in the one with the same speed as it falls in the 
other the plasma grasity is taken to be 1.0245. If it rises more quickly 
in the 1.025 solution than it falls in the 1.024 solution, the gras-ity is 
between 1.024 and 1.0245. If it is stationary in the 1.024 bottle the 
grasity is 1.024. if it is almost stationary but falls s-cry slowly it is 
taken to be 1.0242 and so on. 


regarded as normal, 19 per cent as mildly anaemic, 
and 45 per cent as showing pronounced anaemia. 
Half the cases had a mean corpuscular volume of 
below 100 cu. ft as calculated from haematocrit 
values ; of the other half, 33 per cent were nruldly 
and 66 per cent severely macroc>'tic, having mean 
corpuscular volumes between 100 and 109 and 
between 110 and 160 cu. ft respectively. 

Table II shows the CV values in all seventy-five 
cases and compares the results obtained by centri- 
fuging and by calculating from Gb and (5p. 

The haemoglobin content for each sample is 
given, and the table is subdivided into sections 
according to the mean corpuscular volume. It will 
be seen that the CV value calculated from the 
specific gravity is usually lower than the one 
obtained by measuring the packed cell volume by 
centrifuging. The Gc of 1.0970 used for the calcu- 
lation was obviously too high for our samples. It 
has to be pointed out that the originators found 
Gc to be 1.0970 in normal heparinized bloods : it 
should therefore be e.xpected to be higher rather 
than lower in our oxalated suspensions. Had a 
correction for oxalates been introduced the differ- 
ences between the two CVs would be slightly 
greater still. 

TTiere is an association between the differences 
in the two CVs and the mean corpuscular volume. 
This difference is significant since 0.05 > P>0.01 
when tested by analysis of variance. The calcu- 
lated CV is on the average 5.50 less in the bloods 
with a mean corpuscular volume below 100 cu. ji ; 
the difference is —4.52 when the mean corpuscular 
volume is between 100 and 109 cu. /i and only 
— 3.16 in the samples with mean corpuscular 
volumes of 1 10 cu. a and above. 
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TABLE ir 

COMPApiSON DKTWEnN CV FOUND IIY CENTfUFUGING AND CALCULATED mOM 
SPLCIFIC GUAVm’ VALUES OF HLOOD AND PLASMA 


Haemoglobin 
in g.% 

Temp. 

in°C. 

Gb 

Gp 

CV found by 
hacmatocrit 

CV calculated 
from sp. gr. 

DifTcrcnce in % 

CV (sp. gr.) 

CV (hacmatocrit) 



Mean corpuscular volume below SO cu, /i 


4.5 ■ 

19.2 


1.02S2 

20.0 

14.2 

-29 

S.O 

24.9 


1.0306 

32.9 

26.3 


8.5 

13.9 


1 .0265 

29.0 

23.7 

-18 

14.4 

14.0 

1.0545 

1.0260 

48.0 


-16 


Mean corpuscular volume 80-99 cu. /i 


4.8 

15.2 

HR ■ 


20.0 

14.0 

-30 

4.8 

34.4 



14.6 

15.0 

-f 2 

7.5 

15.2 


1.0290 

29.0 

28.0 

- 3 

9.0 

19.1 


1.0240 

33.3 

28.2 

-15 

10.4 

19.5 


1.0270 

38.0 

30.0 

-21 

10.5 

15.2 

^RScTI^H 

1.0298 

36.0 

28.3 

. -21 

11.0 

14.0 

^BRSKTi^l 

1.0300 

38.0 

30.6 

-19 

13.0 

16.0 



44.5 

36.3 

-18 

13.5 

18.0 

1.0540 

^BriTTT^H 

43.0 

38.5 

-10 

13.5 

15.8 

1.0540 


41.0 

37.7 

- 8 

13.8 

19.3 


^BKiTTS^I 

45.0 

37.5 

-17 

14.0 

16.0 


e : 

45.8 

37.0 

-19 

14.2 

23.3 

1.0565 


47.5 

40.0 

-16 

14.2 

23.9 



46.0 

40.1 

-13 

14.2 

16.0 

1.0541 


45.0 

38.9 

-14 

14.2 

16.0 

1.0550 


44.0 

40.2 

- 9 

14.2 

15.8 

1.0570 


42.0 

41.3 

— ‘ 2 

14.6 

15.8 

1.0551 


48.0 

38.9 

-19 

14.8 

16.0 

1.0553 


49.0 

41.3 

-16 

15.0 

16.0 



48.0 

41.9 

-13 

15.0 

16.0 

^uisiH 

1.0257 - 

48.0 

42.0 

-12 

15.0 

14.5 

1.0560 

1.0268 

49.0 

41.7 

-15 

15.1 

16.0 

1.0563 

1.0268 

47.2 

42.0 

-11 

15.1 

16.0 

1.0579 

1.0282 

49.0 

43.2 

-12 

15.4 

15.8 

1.0565 


48,0 

43.0 

-10 

15.4 

16.0 

1.0560 


48.0 

41.7 

-13 

15.6 

15.8 

1.0570 

1.0266 

48.0 

43.3 

-10 

15.6 

16.0 

1.0598 

1.0276 

50.0 

46.4 

- 7 

15.8 

16.0 

1.0573 

1.0268 

51.0 

43.5 

-15 

16.0 

15.8 

1.0588 

1.0259 

48.0 

■46.4 

- 3 

16.0 

15.8 

1.0603 

1.0280 

51.0 

47.0 

- 8 

16.4 

15.8 

1.0580- 

1.0269 

50.0 

44.4 

-11 

16.4 

15.8 

1.0589 

1.0257 

. 48.0 

46.6 

— 3 


Mean corpuscular volume 100-109 cu. /i 


3.7 

14.1 

1.0305 


11.5 

10.1 

-12 

7.6 

16.4 

1.0412 


22.0 

20.2 

- 8 

10.1 

15.2 

' 1.0489 

1.0279 

33.0 

30.7 

- 7- 

10.5 

11.7 

1.0488 

1.0270 

31.8 

31.1 

- 2 

12.0 

14.5 

1.0522 

1.0295 

42.5 

33.6 

-21 

12.0 

14.5 

1.0515 

1.0300 

41.0 

32.1 

-22 

12.7 

18.2 

1.0539 

1.0295 

39.0 

36.2 

• - 7 

12.8 

14.1 


1.0283 

45.0 

35.9 

-20 

13.3- 

18.2 



40,0 

36.8 

- 8 

13.8 

15.5 

1.0578 

1.0308 

41.5 

40.7 

- 2 

14.0 

16.1 

1.0518 

1.0250 

44.9 

37.2 

-17 

14.0 

23.2 


1.0250 

44.6 

38.9 

-13 

16.5 

35.3 

1.0576 

1.0270 

49.0 

43.5 

-11 
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TABLE If — continued 


Haemoglobin 
in g.% 


“ 

Temp, 
in ° C. 

Gb 

Gp 

CV found by 

CV calculated 

haematocrit 

from sp. gr. 







Mean corpuscular volume 110-129 cu. /i 


Difference in % 
CV (sp.gr.) 
CV (haematocrit) 


2.2 

16.0 

1.0298 

1.0256 

7.5 i 

5.9 

-21 

4.8 ' 

15.4 

1.0400 

1.0300 

15.5 ! 

14.9 1 

! - 4 • 

9.0 , 

15.9 

1.0442 

1.0255 

24.0 i 

26.2 1 

! +14 

9.0 

18.2 

1.0472 

1.0275 

30.8 i 

23.4 ! 

- 8 

9.6 

27.5 

1.0460 

1.0260 

32.0 i 

28.2 { 

-12 

10.1 

15.9 

1.0508 

1.0300 

32.5 I 

31.0 

- 5 

10.2 

14.1 

1.0466 

1.0249 

36.0 1 

30.1 1 

-16 

10.7 

17.8 

1.0475 

1.0222 

36.5 1 

33.9 

- 7 

11.2 

15.3 

1.0515 

1.0305 

37.0 ! 

31.5 

-15 

11.-5 

13.4 

1.0508 

1.0270 

35.5 ! 

34.0 

- 7 

11.7 

23.1 

1.0522 

1.0310 

37.0 ; 

32.1 

-13 

12.6 

15.3 

1.0515 

1.0249 

40.5 : 

36.8 1 

-12 

13.0 

15.0 

1.0510 

1.0260 

38.5 I 

35.3 

- 8 

13.1 

15.0 

1.0515 I 

1.0280 

39.5 

34.5 1 

; -'3 

14.8 j 

15.1 

1.0552 i 

1.0280 

45.0 1 

39.5 

! -12 



Mean corpuscular 

volume above 130 cu. ti. 


6.0 

13.8 

1.0370 

[ 1.0250 

18.5 , 

16.7 

-10 

6.4 

16.5 

1.0378 

1 1.0230 - 

20.0 1 

20.0 

0 

7.0 

12.8 

1.0380 

1.0220 

22.0 

1 21.4 

1 - 3 

7.4 

23.4 

1.0440 

1.0288 

23.5 

22.3 

; - 5 

9.2 

23.9 

1.0478 

1.0278 

- 28.6 

1 28.9 

+ 1 

9.5 

15.1 

1.0478 

1.0280 

34.0 ! 

' 28.7 

i -16 

9.8 

14.5 

1.0493 

1.0283 

35.0 ' 

30.6 

-12 

10.5 

18.9 

1.0490 

1.0269 

36.8 

1 31.5 

-14 

11.4 

14.5 

1.0502 

1.0270 

40.0 

33.1 1 

1 -17 

13.3 

12.1- 

1.0540 

! 1.0270 

47.0 

38.5 

-18 


There is in this series the usual association 
between high and low mean corpuscular volume 
and high and low mean corpuscular haemoglobin 
concentration. Therefore there is a tendency for 
the difference between the two CVs to rise the less 
haemoglobin the cells contain — that is, the more 
Gc becomes an expression of the gravity of the 
non-haemoglobin protein of the blood cells (see 
also Chart). 

If the calculated CV values are multiplied with 
a factor of 1.1 more satisfactory agreement with 
the true CV is obtained. 

In the Chart is shown the scatter of the mean 
corpuscular volume values based on CV haemato- 
crit and on the CV (specific gravity) calculated 
according to the equation 

Gb -Gp 

(2) CV= 110 x 1.0970-Gp 

where Gb and Gp arc again the specific gravity of 
the oxalated blood and plasma respectively. The 


values obtained from blood having a mean corpus- 
cular haemoglobin concentration of 30 per cent 
and above are entered as •, those of bloods show- 
ing a mean corpuscular haemoglobin concentration 
below 30 per cent are shown as A. The diagonal 
line represents ideal agreement and all values should 
be found on it if the method were perfect. It will 
be seen that while the values are about equally 
scattered above and below the line of ideal agree- 
ment, divergencies in either direction are consider- 
able. The figure also demonstrates that even on 
using the corrected equation a low mean corpus- 
cular haemoglobin concentration tends to place the 
calculated results below the true value. 

Table III shows the ranges in which mean cor- 
puscular volumes based on equation (2) fall when 
compared with the true values. Seventy-two out 
of sevcnty--five cases fall within the limit set out in 
Table III. The three exceptions arc the first two 
samples in Group 2 of Table II and the first sample 
in Group 4. All three samples have a haemoglobin 
content of below 5 g. per cent. 
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TABLE m 

THE RANGE WITHIN WHICH MEAN CORPUSCULAR 
VOLUMES FALL WHEN BASED ON CV VALUES 
CALCULATED FROM EQUATION (2) 


! 

14umber 
of 
, cases 

, True mean 
coipuscular 
volumes 
(derived from 
' haematocrh 
CV) in cu. p 

Range of mean 
corpuscular 
volumes 
calculated from 
specific gravities 

. 

Number 

of 

exceptions 

4 1 

70- 79 

. 60- 75 


33 ! 

80- 99 1 

75-105 1 

2 

13 

100-109 

85-110 


15 

1 10-129 

105-140 , 

1 

10 

130-160 

120-175 ; 



It will be seen that in our hands the method of 
calculating CV and mean corpuscular volume from 
specific gravity was not accurate enough to differ- 
entiate normocytosis from macrocytosis and micro- 
cytosis respectively. Whereas the difference be- 
tween the Gc in our samples from that given by 
the originators may be compensated by introdueing 
the factor 1.1 into the original equation, no single 
correction can reduce the wide margin within 
which calculated results arc obtained on cither side 
of the true values. 



Chart. — The range within which agreement can be obtained between mean corpuscular volume derived from 
the hacmatocrit value and mean corpuscular volume based on a CV calculated from blood and plasma 
gravities. The influence of mean corpuscular haemoglobin concentration on this agreement is also shown. 
Abscissa: Mean corpuscular volume in cu. n derived from hacmatocrit values. 

Ordinate : Mean corpuscular volume in cu. g. calculated from specific gravities. 

# mean corpuscular haemoglobin concentration, 30 per cent and above, 
mean corpuscul.ar haemoglobin concentration, below 30 per cent. 
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• Summarj- 

1. The haemoglobin content, the red cell con- 
centration, the haematocrit value, the mean cor- 
puscular volume, the mean corpuscular haemo- 
globin concentration, and the specific gravities of 
blood and plasma of seventy-five Indian soldiers 
were determined. Some of the subjects were 
hospital patients. 

2. Nineteen per cent of the subjects were 
mildly, and 45 per cent more severely, anaemic. 
The mean corpuscular volume was below 100 cu. .« 
in one-half of the cases ; of the other half, one- 
third showed slight and two-thirds considerable 
macrocytosis. 

3. The CV values (ml. of packed cells in 100 ml. 
of blood) found by centrifuging (CV haematocrit) 
were compared with those calculated from blood 
and plasma gravities (CV specific gravity). 

4. The CV (specific gravity) was generally 10 
per cent lower than the CV (haematocrit). The 
per cent differences increased with smaller mean 
corpuscular volume and lower mean corpuscular 
haemoglobin concentration. 

5. It is suggested that the differences between 
the haematocrit CV and CV determined from 
specific' gravities were due to the cell gravities in 
the samples being below 1.0970, the value given for 
normal cell gravity by previous authors, and that 
these cell gravities were the lower the more they 


depended on the non-haemoglobin protein of the 
cells. 

6. The difference between the haematocrit and 
gravity ceU -volumes could be fairly satisfactorily 
compensated by the introduction of the factor 1.1 
into the equation from which CV specific gravity 
is calculated. However, mean corpuscular volumes 
based on CV specific gravity obtained in this way 
stUl diverged too widely on either side of the 
figures obtained from haematocrit values to make 
the calculation a useful method for clinical 
purposes. 

This investigation was carried out at the suggesTion of 
Lieut.-Col. B. L. Taneja, I.M.S./f.A.M.C., Assistant 
Director of Pathologv', North-Western Army, India 
Command. I am indebted to Major M. Hynes, R. A.M.C., 
Officer Commanding the G.H.Q. Anaemia Inv’estigation 
Team, India Command, for his interest and advice, and 
to Dr. W. J. Martin for statistical analysis. Sergeant 
Kayser, R.A.M.C., was responsible for the red cell 
counts, and I should like to thank him for this and other 
help throughout the investigation. My thanks are due 
to the Director of Medical Services in India for per- 
mission to publish this paper. 
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Although infrequent, suppurative meningitis in 
the first month of fife is now more commonly 
recognized than formerly. Barron (1918), review- 
ing meningitis in infancy nearly thirty years ago, 
found only thirty-nine cases of the suppurative 
form reported in children under three months, 
nineteen of which were in the newborn. From this 
he concluded that suppurative meningitis is a rare 
disease- at this age. 

Cruickshank (1930), in a general survey of 
neonatal deaths, found that meningitis was respon- 
sible in thirty-three out of eight hundred cases, 
about 4 per cent. Flensborg (1942) was able to 
collect 140 reports from the literature of suppura- 
tive meningitis in infants under one month old. 
In his own series of 374 necropsies on new- 
born infants, he found three cases (0.8 per cent) 
of suppurative meningitis. Still more recently 
MacGregor (1946) has recorded the pathological 
findings in 618 cases of neonatal deaths. Infections 
of all kinds were responsible for 30.7 per cent of all 
deaths, and for 65.5 per cent of the 241 deaths 
which took place after the third day of fife. In a 
personal communication (1947), she states that 
there were eight cases of suppurative meningitis 
during the five-year period of her review (1939-43), 
a percentage of 1.3 of the total deaths. 

Six further cases of suppurative meningitis, all of 
them caused by coliform bacilli, are reported 
below. 

Case Histories 
Case 1 

The mother was a 10-para, aged 40 years. Labour 
was induced by rupture of the membranes on Oct. 18, 
1946, and pains began early on the next day. She had 
no previous history of any infection of the birth canal 
or urinary tract. The patient was distressed during 
the first stage, and after twenty-one hours her pulse 
rate was 140 per minute and temperature 104° F. 
Foetal heart rate at this time was 150 per minute. The 
pyrexia subsided within three hours and did not recur. 


The child was delivered after a first and second stage 
lasting thirty-eight hours. The infant was a male and 
weighed 7 lb. 14 oz. At that time it was cyanotic for 
a few minutes only. Following this nothing abnor- 
mal was noticed until he was put to the breast for the 
first time after birth, when 7 hours old. He would 
not suck, and there was a sudden onset of nystagmus 
and some twitching of the limbs. The child remained 
restless, vomited several times, and 13 hours after 
birth had the first of numerous convulsions. Death 
occurred 16 hours 40 minutes after delivery. 

Post-mortem c.xamination. — The body \vas that of 
a full-term child showing early evidence of dehydra- 
tion. There were no external marks. 

, Respiratory system. — There was some mucus in the 
upper air passages. Sub-pleural petechial haemor- 
rhages were seen over both lungs, and on section the 
organs themselves were atelectatic, showing only small 
areas of expansion. 

Central nervous system. — The skull was normal. 
The dura did not bulge, and there was no tear of 
tentorium or falx. In the subarachnoid space there 
was a considerable amount of thick, greenish pus, 
particularly over the base of the brain, from where 
it tracked along the superficial cerebral veins to the 
superior surface of the hemispheres. There was no 
excess of cerebrospinal fluid and no internal hydro- 
cephalus. On section the cerebral hemispheres, mid- 
brain, cerebellum, and medulla were normal. Basal 
arteries, mastoid air-cells, and venous sinuses were 
normal. Examination of cardiovascular, alimentary, 
hepatic, genito-urinary, and endocrine systems re- 
vealed no abnormality; 

Bacteriology. — Films of pus from the subarachnoid 
space showed many polymorphs and Gram-negative 
bacilli, some of which were intracellular. Cultures 
yielded a heavy growth of motile coliforms, giving 
the biochemical reactions of Bact. coli communis. 

Histology. — The lung showed severe atelectasis of 
foetal type. 

Various sections of the brain show acute purulent 
meningitis, with the majority of the cellular exudate 
made up of lymphocytes and other mononuclear cells, 
the number of polymorphs being small. Gram films 
show many Gram-negative bacilli in the exudate. 
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Case 2 

The mother was a 2-para, labour being surgically 
induced on Dec. 16. 1946, as it was several weeks 
overdue. The labour was normal, and the child, a 
male, was delivered on Dec. 18. His weight was 6 lb. 
12 oz., and for the first few days his condition was 
satisfactory, although he did not feed well and was of 
a poor colour. On the sixth day there was a sudden 
increase of temperature to 102° F. and marked in- 
crease of respirations. On the following day he 
developed twitching movements of limbs, on several 
occasions amounting to convulsions. Neck rigidity 
was present, and Kemig’s sign positive. A diagnosis 
of meningitis was made, but before any further steps 
could be taken the child lapsed into coma, dying on 
Dec. 26, 1946. 

Post-mortem examination . — The body was that of a 
well developed male infant showing slight cyanosis 
but no other external abnormalities. 

Central nervous system . — The skull was normal. 
The dura was normal, svith no tears of falx or ten- 
torium. The brain showed severe flattening of the 
convolutions, and a diffuse purulent exudate was pre- 
sent in the subarachnoid space. At the base of the 
brain this exudate was yellow and opaque. The basal 
arteries, venous sinuses, and mastoid air-cells were 
normal. Cerebral hemispheres, mid-brain, cerebellum, 
and medulla were normal on section. Apart from 
some patchy atelectasis of both lungs, examination of 
respiratory, alimentary, hepatic, genito-urinaiy, and 
endocrine systems revealed no abnormalities. 

Histology . — Section of the brain showed a purulent 
exudate in the subarachnoid space of similar cytology 
to that in Case 1, with predominance of lymphocytes 
(Plate 1(7). Gram film of this section shows numerous 
Gram-negative badlli, many of them intracellular and 
morphologically similar to Bact. coli. Unfortunately, 
no cultures were made from this specimen, but the 
finding of Gram-negative bacilli morphologically simi- 
lar to Bact. coli and unaccompanied by any other 
bacteria suggests that they are the responsible organ- 
isms and that the condition is a coliform meningitis. 

Case 3 

Mrs. P., a multipara, was delivered at her home of 
a full-term male child on Nov. 4, 1946, the birth weight 
being 6 lb. 2 oz. The antenatal period and labour 
had been normal. The infant was breast-fed for two 
days, but sucked badly and was put on to artificial 
feeds. The child was still feeding I’eiy poorly on 
Nov. 10, and as it appeared to be getting weaker was 
admitted to hospital. On examination he svas drowsy 
and cold ; there was some cyanosis and signs of early 
dehydration. He vomited soon after admission. On 
Nov. 12 no abnormalities could be detected on exami- 
nation, except for a possible sscakness of the right 
arm, and he was still not feeding well. On Nov. 14 
he was feeding better, but the skin was dry and in- 
elastic, suggesting dehydration, but the fontanelle was 


not depressed. On Nov. 16 the pulse rate dropped 
from 150 on admission to below 100 per minute. 
Temperature still remained subnormal and the fonta- 
nelle tension was normal although general signs of 
dehydration were marked. There was, however, some 
separation^ of the cram'al sutures. No neck rigidity- 
was detected. On Nov. 17, 1946, the child was mori- 
bund and refusing all feeds. The fontanelle pressure 
ss'as now increased, but there was still no neck rigidity. 
The pulse rate dropped to 64 per minute and death 
occurred on Nov. 18, 1946. 

Post-mortem examination . — The body was that of 
a dehydrated male infant. 

Respiratory system . — The upper air passages showed 
acute inflammatory changes, and the pleural cavities 
contained 15 c.cm. of straw-coloured effusion. On 
section the bases of both lungs showed a patchy pneu- 
monic consolidation, and there were some areas of 
lung which had not fully expanded. 

Central nervous system. — The skull was normal. 
The dura was bulging, and there was marked engorge- 
ment of the leptomeninges, with a thin sero-purulent 
exudate in the subarachnoid space, particularly marked 
at the base of the brain. The venous sinuses, basal 
arteries, and mastoid air-cells were normal. The brain 
w’as oedematous on section, but other^vise normal 
throughout. 

Examination of cardiovascular, alimentary, hepatic, 
genito-urinary, and endocrine systems revealed no 
abnormality. 

Bacteriology . — Films made from the subarachnoid 
space at necropsy showed numerous Gram-negative 
bacilli and pus cells. Cultures yielded heaxy growths 
of coliforms giving the biochemical reactions of Bact. 
coli communis. 

Histology . — Sections of the brain showed an acute 
purulent leptomeningitis with a considerable amount 
of haemorrhage amongst the exudate, and a cytology 
predominantly lymphocytic in character. 

Sections of lung showed acute bronchopneumonic 
congestion and some collapse. 

Cases 4 and 5 are siblings and two of quadrup- 
lets. As the hospital was bombed soon after their 
death the clinical notes were destroyed, and the 
histories are, therefore, lacking in detail. 

Case 4 

L. was the first dclixered of quadruplets bom prema- 
turely on June 3, 1944. with a birth weight of 3 lb. 

9 oz. She appeared well until the seventh day. when 
there was a sudden rise of temperature to 102’ F. 
with the development of gradual abdominal disten- 
sion and jaundice during the succeeding days. Cerebral 
screaming attacks also occurred. The blood count 
showed a mild leucocytosis of 25,000 cells per cjnm. 
During the performance of the differential count, 
which was normal, a macrophage (Plate Ih) contain- 
ing what appeared to be ingested bacteria xsas seen; 
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this suggested the presence of septicaemia, as did the 
continued fever and gradually increasing jaundice be- 
fore death on June 19. 1944, at the age of 16 days. 

Post-mortem examination. — The body was that of 
a small and premature female infant. The skin and 
all internal structures were deeply jaundiced. 

Centra} nervous system. — The skull and dura were 
normal. Acute inflammatory changes were present in 
the leptomeninges with thin yellowish pus over the 
vertex and superior aspect of the cerebellum. There 
was also exudate over most of the basal cisterns. The 
cerebrospinal fluid in the ventricles was frankly puru- 
lent. The basal arteries, venous sinuses, and mastoid 
air-cells were normal. Sections of the brain were 
normal throughout. Examination of all the other 
systems revealed no abnormality. 

Bacteriology. — Swabs taken from the brain and 
ventricles at post mortem showed large numbers of 
pus cells and Gram-negative bacilli in the stained 
films. Cultures yielded a pure growth of motile 
conforms. 

Histology. — Sections of the cerebral cortex showed 
acute inflammatory changes, but unfortunately the 
meninges from this specimen were lost. 

Sections of the liver showed exudation of bile pig- 
ment, congestion, and fatty change. 

Case 5 

D. was born prematurely on June 3. 1944. the second 
to be delivered with a birth weight of 3 lb. 13 oz. His 
condition was satisfactory for the first few days, but 
he began to feed poorly at about the fourth day and 
when six days old developed a sudden rise of tempera- 
ture. A day or so later there was onset of cerebral 
screaming attacks with gross abdominal distension. 
Treatment was begun with sulphathiazole by mouth, 
but there was gradual deterioration until death on 
June 14, 1944, when the child was 11 days old. 

Post-mortem examination. — ^The body was that of 
a small premature infant showing some abdominal 
distension and generalized jaundice of the skin and 
internal structures. 

Central nervous system. — ^The skull and dura were 
normal. The subarachnoid space contained a puru- 
lent exudate that was particularly thick over the ver- 
tex, superior aspect of the cerebellum, and tips of the 
temporal lobes. The cerebrospinal fluid was cloudy 
but not frankly purulent. Venous sinuses and basal 
arteries were normal. The right mastoid air-cells con- 
tained a little pus, but those on the left were normal. 
Examination of the cardiovascular, respiratory, ali- 
mentary, hepatic, genito-urinary, and endocrine sys- 
tems revealed only scattered sub-serosal petechial 
haemorrhages. 

Bacteriology. — Films from ventricular fluid, right 
mastoid, and subarachnoid space showed numerous 
pus cells and many Gram-negative bacilli. Cultures 
all yielded a heavy growth of Bact. coli communis. 
Culture from the left mastoid yielded only a few 
colonies of Staph, albiis. 


Histology. — There was acute purulent leptomenin- 
gitis of the brain, the underlying brain showing some 
congestion. 

Sections of liver showed fatty change, exudation of 
bile pigment, and some areas of focal necrosis. 

Case 6 

The male infant was born by normal labour on 
April 29, 1947. The child appeared well until it w.is 
3 days old, when it suddenly became grey, with diffi- 
cult and distressed breathing. The birth weight was 
S lb. 3 oz., and at the onset of symptoms had fallen 
to 8 lb. 1 oz. Later the same day the temperature 
suddenly rose to 103° F. with grunting respiration. 
The infant had repeated atttacks of spasm of the hand 
muscles, similar to tetani. There was no neck rigidity 
and the pulse was then uncountable. He was given 
oxygen and chloral, the temperature fell to 102.4° F. 
at 6 a.m. on May 3, but rose suddenly to 105.6° F. at 
10 a.m. a quarter of an hour before death. 

Po.st-mortem c.xamination. — The body was that of 
a well-developed male infant. There was moderate 
cyanosis of mouth and finger tips, but no dehydration 
or jaundice. 

Respiratory system. — The upper air passages con- 
tained a large quantity of purulent material and both 
lungs showed on section a generalized bronchopneu- 
monia. The pleural surfaces were normal. 

Central nervous system. — The skull was normal. 
The dura was normal, .with no tear of falx or ten- 
torium. A greenish exudate which had a faecal 
odour was present in the subarachnoid space. It 
covered the base of the brain and tracked to the 
vertex. There was no excess of fluid in the ventricu- 
lar system. There were no flattening of the convolu- 
tions, and the brain was normal throughout on sec- 
tion. The basal arteries, venous sinuses, and mastoid 
air-cells were normal. 

Bacteriology. — Swabs of the subarachnoid space 
showed numerous Gram-negative bacilli and pus cells. 
Cultures yielded a heavy and pure growth of Bad. 
coli communis. This organism was not inhibited by 
75 units per ml. of penicillin but was by 100 units 
of penicillin. Swabs from lung showed numerous 
Gram-negative cocci and some Gram-positive bacilli- 
Cultures yielded a good growth of Bact. coli connninijs 
and a few colonies of Staph, albas. The coliform in 
this culture showed similar results to penicillin sensi- 
tivity tests as did that isolated from the brain. 

Histology. — Sections of the brain showed a purulent 
leptomeningitis. 

Discussion 

Incidence. — The age at death in Cniickshank’s 
(1930) series of suppurative meningitis cases varied 
from 2 to 17 days, 88 per cent of the infants dying 
between the fifth and thirteenth day. 

In Levinson’s (1945) group of cases there were 
eight under one month, and five of these were in 
infants 14 days old or less ; the youngest was 3 
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(n). — Section of the brain in Case 2, showing a purulent exudate in the 
subarachnoid space, with predominance of lymphocytes. 



(/)). — Macrophage containing what appear to be ingested bacteria. Case 

Purr. I 
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days, and the eldest 21 days. MacGregor’s cases 
were all under 3 weeks, the ages at death being 16, 
9, 9, 7, 5, and 4 days in the uncomplicated cases. 
In two others death occurred at 10 days and 6 
hours respectively, following an infection of a 
meningocele in spina bifida. 

In the present series, all were cases of primary 
meningitis except possibly Case 4, where infection 
of the mastoid air-cells may have preceded the 
meningitis. All deaths occurred under 3 weeks of 
age, at 17 hours, 8, 14, 11, 16, and 4 days. Case 1 is 
of particular interest, as there does not appear to 
be any previous record in the literature of a death 
from primary suppurative meningitis occurring less 
than 24 hours after delivery. In this incidence 
infection most probably occurred in iitcro at the 
time labour was induced. 

Both Craig (1936) and Cruickshank state that 
infants developing meningitis are often premature. 
Two of the present cases were born prematurely. 
They were from a family of quadruplets, and it is 
well recognized that such infants born in multiple 
pregnancies possess a lower resistance to infection 
than those born at full term and of a single 
pregnancy. Of the two remaining children in this 
family, one, who had a rise of temperature during 
the second week of life, died of hydrocephalus at 
the age of 6 months. This condition may well 
have been secondary to unrecognized meningitis in 
the neonatal period, although no necropsy was 
performed to confirm it. The fourth child is alive 
and well and now 3 years old. 

Symptomatology and diagnosis. — During the 
newborn period and in early infancy meningitis 
presents few, if any, symptoms which are referable 
to the local condition. The onset may be sudden 
or gradual. The temperature frequently remains 
normal, as was the case in 25 per cent of Levinson's 
series. However, a sudden rise of temperature may 
be an early sign, and this was observed in four of 
the six cases here reported. Other early signs are 
failure to feed and restlessness (three cases) and 
twitching of limbs or muscular spasms (three 
cases). Neck rigidity is not common and was only 
observed in Case 2. Convulsions frequently occur 
before death, and a cephalic cry may develop. 
Bulging of the fontanelle was observed in only one 
case, although Levinson states that it is nearly 
always present. All these signs are suggestive of an 
intracranial lesion or at any rate cerebral anoxia, 
which may also be produced by atelectasis, neo- 
natal pneumonia, septicaemia, and neonatal tetani. 
Under these circumstances it is important that 
immediate examination of the cerebrospinal fluid 


following lumbar puncture should be performed. 
This will confirm or deny any suspicion of the pos- 
sibility of an intracranial lesion being present. It 
will also enable a differential diagnosis to be made 
as between meningitis and intracranial subdural 
haemorrhage. 

In addition, Fothergill and Sweet (1933), having 
isolated the organism from the blood as well as the 
cerebrospinal fluid in 88 percent of cases occurring 
in infants between 1 and 5 weeks old, state that 
bactcriacmia is very common in this type of menin- 
gitis. In this series the occurrence of bacilli in the 
blood was demonstrated in Case 4, where a 
macrophage containing ingested bacteria was seen 
in blood film (Plate 16). 

Bacteriology. — It is probable that in all the six 
cases outlined above the responsible organism was 
Bact. coli, and a certain bacteriological diagnosis 
was made in five of them, as it is extremely unlikely i 
that the presence of coli forms isolated was due to | 
post-mortem infection of tissues. There have been 
two reviews where the bacteriology of neonatal 
meningitis has been classified — that of Cruick- 
shank (1930) and a later one of Flensborg (1942), 
which includes all cases in the literature at that j 
time. To these should be added MacGregor’s 
cases (see Table). 


TABLE 

ANALYSIS or CASES Ol- NEONATAL MENINGITIS IN THE 
LITERATURE 



Cruickshank 

(1930) 

Flensborg 

(1942) 

MacGregor 

(1946) 

Bact. coli 

1 11 

68 

6 

Staph. . . 

1 I 

9 

— 

Strep. 

7 

23 

1 — 

Staph. + Strep. 

■ 1 

7 

— 

Pneumococcus 

3 

12 

1 

H. influenzae . . 

— 

4 

1 

N. catarrhalis . . 



I 


Gonococcus 



1 

— 

Mixed flora . . 

— 

4 

— 

Ps. pyocyojieus j 

1 

1 

1 

1 



In contrast Neal (1926) reviewed fifty cases of 
meningitis occurring in children over three weeks 
and under three months of age. The incidence ol 
the various organisms in thirty-five cases where 
bacteriological diagnosis was made was as follows: 

N. meulngococcus : 24 cases 

M. T iiberciilosis : 5 cases 

P/teiiniococciis : 3 cases 

Bact. coli ; 3 cases 

From the findings in all these reviews, colifornw j 
are clearly the commonest pathogen in neonatal 
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meningitis. However, its incidence decreases with 
age and it is rarely found over two years, when 
meningococcal meningitis is reaching its maximal 
incidence. Although the most susceptible age 
period for this infection is given from 0 to 5 years 
(Compton, 1918), it is unusual in the first three 
months of life (Topley and Wilson, 1946). A pos- 
sible reason for its low incidence may be found 
in the possession of a congenital immunitj’ which 
lasts only for a few months. The restricted age 
incidence of coliform meningitis is not easily ex- 
plained, but some light may be thrown on this point 
by a study of specific agglutinins present, in the 
sera of children at birth, to these and similar 
organisms. 

Ravid (1935) says that “nn the blood of foetuses 
and the newborn agglutinins to B. coli are absent," 
but he presents no evidence to substantiate this 
statement. Flensborg in his review also states that 
the newborn lack normal coli agglutinins present in 
adults. 

Recently Wright (1947) has studied the transmis- 
sion of coli agglutinins across the placenta, using 
seven different suspensions of coliforms obtained 
from “ pathological ” lesions. She found : (1) that 
the titres of both “ O ’’ and “ H ” agglutinins in the 
mother’s serum at the time of delivery corres- 
ponded closely to that in the cord blood of the 
infant ; (2) that of 55 mothers and babies examined, 
practically none possessed agglutinins to all the 
seven suspensions, and one or two no agglutinins 
at all. Most of the subjects possessed recognizable 
agglutinins to about half the suspensions used. 

From her results it seems likely that nearly every 
infant is vulnerable to any strain of coliform for 
which little or no agglutinins are present, and that 
chance contacts with such strains may result in 
infection. This susceptibility, together with the 
well recognized feebleness of antibody production 
during the early months of life, may explain the 
high incidence of coliform meningitis at this age. 

Pathology. — The pathological changes in these 
cases differ little from those seen in other types of 
suppurative meningitis except for the predominance 
of lymphocytes and mononuclear cells in the 
exudate. In most of the infants the meningitis 
probably followed bacteriaemia. The portal of 
entry of the responsible organisms is, however, 
uncertain clinically, and the post-mortem findings 
give no further assistance in locating the site of 
primary infection. 

Treatment. — Barrett and others (1942) say that 
the mortality without chemotherapy is SO per cent. 


and none of the cases in the present series 
recovered. They review six cases in which sul- 
phonamides were used. There was only one death 
in the acute phase, although at least one other 
appeared to have died later from hydrocephalus. 
They say that sulphathiazole was then the drug of 
choice. 

Since then, Pearlman and Bell (1944) have 
recorded a death in neonatal meningitis following 
adequate treatment with various sulphonamides 
in a newborn child, and Kohlbry (1942) a recovery 
in a male child aged 7 days treated with sulphapyri- 
dine. In an older patient Alexander (1946) treated 
successfully a coli meningitis following extensive 
fractures and osteitis of the right tibia (male, aged 
19 years), with streptomycin. 

As the organism in Case 6 was sensitive to 100 
units per ml. of penicillin, yet another possible 
line of treatment was opened up by giving a large 
dose of the drug intrathecally. 

However, the number of treated cases is still very 
small and it is hoped that, with earlier diagnosis in 
the future, these methods of chemotherapy may be 
more fully tested. 


Summary 

The literature on neonatal meningitis is reviewed 
and a series of six fatal cases described. 

The aetiology, symptomatology, and bacteriology 
are discussed, views being presented to explain 
the predominance of coliforms as the respon- 
sible pathogen. Possible lines of treatment are 
discussed. 

My thanks are due to Prof. G. Payling Wright and 
Dr. Philip Evans for helpful criticism in the prepara- 
tion of this paper, to members of the clinical and 
pathological staff of Lewisham L.C.C. Hospital for 
help with notes of three of the cases, and to R. S. 
Morgan for the photomicrographs. 
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(«). — Section through the spinal meninges of 
a case of tuberculous meningitis, show- 
ing the fibrin masses in the upper half 
of the picture. 


(/}). — Areas of clearance of test organism 
produced by streptomycin plus hepa- 
rin (C) and streptomycin alone (B). 
No clearance round heparin alone (A). 



Plate II 
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One of the commonest causes of failure in 
the treatment of tuberculous meningitis by 
streptomycin is the formation of intracranial 
and intraspinal adhesions with resultant hydro- 
cephalus. Tliese adhesions are produced partly 
as a result of the fibroblastic reaction that occurs 
around tuberculous foci, but their inception and 
growth may well be stimulated by the deposition 
of fibrin from the cerebrospinal fluid which is rich 
in fibrinogen in this condition. The photomicro- 
graph (Plate llff) illustrates that fibrin is, in fact, 
laid down in this condition. This was taken from 
the spinal cord of a child who had died from 
tuberculous meningitis after several weeks of treat- 
ment by streptomycin, and the masses of fibrin in 
the upper part of the picture can be clearly seen. 
If fibrin deposition is of importance in the forma- 
tion of tuberculous adhesions, therefore, it might 
reasonably be hoped that the prognosis would 
improve if this could be prevented. 

The obvious drug for this purpose is heparin. 
We decided ' for this reason to investigate the 
possibility of introducing this substance into the 
cerebrospinal fluid with streptomycin, and to 
attempt to assess its value in the treatment 
of tuberculous meningitis. Our preliminarv' find- 
ings on the interaction of streptomycin and heparin 
appeared to be of sufficient interest to warrant 
this preliminary communication. The investiga- 
tions so far completed, and the conclusions derived 
therefrom, are given below. 

Effects of Admi-vfurc of Heparin and 
Streptomycin Solutions 

When a solution of heparin (“ liqucmin," or 
“ heparin Boots," or “ heparin Evans ") was added 
to one of commercial streptomycin (hydrochloride 
or calcium comple.xf, a precipitate was slowly 
formed. Tlic nature of this precipitate has not 


yet been fully investigated, but certain properties 
have been noted. E.\aminaticn of the supernatant 
fluid after centrifugalization revealed that there 
was no diminution of the streptomycin content 
during this reaction. Streptomycin assays were 
carried out both by serial dilutions in fluid media 
nnd cup plate methods. 

TTie results of one of the latter methods of assay- 
are shown in Plate 116. In this e.xperimeni, one drop 
of streplomydn solution of strength 25 units per ml. 
was added in the cup C to one drop of heparin solu- 
tion of strength 1,000 units per ml., thus ensuring 
that a very large excess of the latter was present. 
The photograph shows that there was no diminution 
of the area of clearance of the test organism by this 
mixture as compared with the control cup B, into 
which was placed one drop of the same streptomycin 
solution and one drop of saline. Into cup A was 
placed one drop of a 1,000 unit per ml. heparin solu- 
tion in order to demonstrate that it has no bacterio- 
static powers. 

Solutions of known strengths of heparin and 
streptomycin were again mi.xed and, after centri- 
fugalization, the heparin contents of the super- 
natant fluid and of the deposit were estimated. 

In the earlier stages of the work this heparin con- 
tent was assayed on the basis of its delaying powers 
upon the deposition of fibrin from human plasma in 
the presence of excess thrombokinase and adequate 
calcium. This method is based on the assumption 
that heparin exerts its influence by the inactivation of 
thrombin and prothrombin (Best and Taylor, 1945). 
.■\s McIntosh (1941) has pointed out. however, this 
method tends to give inconsistent results so that it was 
later replaced by a slight modification of the toluidine 
blue method of Trethewie and .Melvin (1945). We 
have compared the colours of the unknown heparin 
toluidine blue mixture with that of the standard in 
a colorimeter instead of in comparator tubes as 
described by them. This method is quicker and 
gives consistent results but, of cou.'se, measures 
heparin in colour units. 
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These assays showed that: 

(а) . — If the amount of heparin in solution (in 
mg.) was less than approximately two-thirds of the 
amount of streptomycin (also in mg.) to which it 
was added, then no heparin was present in the 
supernatant fluid after removal of the precipitate. 
This was true whether the heparin was assayed by 
the toluidine blue method or by its anticoagula- 
tory effect. This applies to the commercial pre- 
parations of heparin used by us, which contained 
between 90 and 110 units of heparin per mg. 

(б) . — If more heparin was then added to the 
mixture a further precipitation occurred, but active 
heparin began to appear in the supernatant fluid, 
so that by adding sufficient excess of heparin, con- 
centrations of the order of 1,000 units per ml. or 
higher could be obtained free in the clear super- 

"natant fluid in the presence of streptomycin. Even 
when these concentrations of heparin had been 
obtained, the addition of further heparin to the 
mixture still produced a precipitate. The addition 
of more streptomycin, on the other hand, did not 
cause a precipitate. Thus it was possible to pre- 
pare a mixture of heparin and streptomycin in 
clear solution and high concentration which could 
be introduced into the theca even though previously 
injected streptomycin was still present, without the 


danger that an intrathecal precipitation might 
occur. 

(r). — ^Thc precipitate, which consisted of a mix- 
ture of a white powdery material and a black tarry 
substance, contained active heparin as revealed 
both by the toluidine blue method and its anti- 
coagulatory effect. As no streptomycin was lost 
from solution, there was presumably no strepto- 
mycin in the precipitate. Thus the precipitate mud 
have been produced by a reaction between heparin 
and some impurity in the streptomycin. 

(d) . — All the heparin lost from the supernatant 
fluid was found to be present in the precipitate. 

(e) . — ^Thc precipitate showed slight solubility 
when warmed. 

Effect of Introducing Heparin into tlie Theca of 

a Patient receiving Intrathecal Streptomycin 

This was only tried on one patient, owing to the 
adverse reaction obtained. One ml. of a 1,000 unit 
per ml. solution of heparin was introduced into 
the tlieca daily, immediately after the introduction 
of streptomycin, and at the end of the twenty-four- 
hour period the streptomycin and heparin contents 
of the cerebrospinal fluid were assayed. The 
changes in the cerebrospinal fluid and the reaction 
of the patient are given in the composite graph 
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Fig. I. — Changes in the cerebrospinal fluid, weight, and erythrocyte sedimentation rate 
during a course of daily intrathecal injections of heparin and streptomycin 
given separately. From Oct. 28 to Nov. 8 the patient had been receiving intrathecal 
and intramuscular streptomycin. 
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(Fig. 1). As can be seen from this, the white cells 
and protein contents of the cerebrospinal fluid rose 
sharply to 3,000 per c.mm. and 320 mg. per 100 ml. 
respectively. Coinciding with this, the patient 
began to show neck rigidity and incontinence 
with increased irritability and anorexia, whilst 
his weight, which had previously been increas- 
ing, started to decrease. ' On several occasions be 
showed evidence of experiencing pain immediately 
after the heparin injections, but it was impossible 
to confirm this as he was not co-operative. 

This single case suggested that this method of 
giving heparin W'as not practicable. A combined 
solution of heparin and streptomycin was there- 
fore prepared by adding 80,000 units of heparin in 
10 ml. of saline to 1,000,000 units (1 g.) of strepto- 
mycin in an equal volume of saline. The mixture 
was allowed to stand in the refrigerator overnight 
to allow the maximum deposition of precipitate. 
The clear supernatant fluid was then decanted. 
The streptomycin content of this clear fluid was 
50,000 units per ml., whilst the heparin content was 


found to be approximately 1 ,000 units per ml. This 
was injected in 2.0 ml. doses intrathecally into the 
same patient who had previously reacted adversely' 
to the separate injections of streptoms'cin and 
heparin. The graph (Fig. 2) shows that the reac- 
tion produced was slight. We were thus encour- 
aged to repeat the process in tw'o other patients 
who had just been admitted and who had received 
no streptomycin previously. The changefin the 
cerebrospinal fluid of one of these are shown in 
Fig. 3 and, as can be seen, there was very little 
adverse reaction. The dose of free heparin was 
later increased to 5,000 units per dose in order to 
produce a residual concentration of between 1 and 
2 units of heparin per ml. of cerebrospinal fluid at 
the end of the twenft'-four-hour period. 

Effect upon Heparin of the Streptomycin of the 
Ccrehrospinal Fluid, following Purely Intramus- 
cular Injections of this Latter Substance 
It would appear probable that the precipitate 
formed by the admixture of solutions of heparin 
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Fig. 2. — Cerebrospinal fluid chances during a course of daily injections 
of heparin-streptomycin mixture from Nov. 21 to Dec. 10. Case 1. 
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Fig. 3.— Cerebrospinal fluid changes during the daily a Jniinistration of heparin- 
streptomycin mixture containing a higher concentration of heparin than in Case 1.' 


and streptomycin is caused by impurities in the 
streptomycin. It was decided, therefore, to deter- 
mine whether streptomycin that has been given 
intramuscularly and has reached the cerebrospinal 
fluid via the blood stream has a similar effect upon 
heparin solutions, that is, the production of a pre- 
cipitate. Specimens of cerebrospinal fluid were 
obtained from patients receiving streptomycin by 
the intramuscular route only. These were with- 
drawn about one hour after the intramuscular 
streptomycin had been given, so that the concentra- 
tion of the drug should be at a maximum. Equal 
quantities of this and of known strengths of 
heparin solutions were mixed, allowed to stand for. 


twelve hours, centrifugalizcd, and the surviving 
heparin ass.aycd. It was found that in all cases 
a small proportion of the heparin was lost, but 
that this was not related to the. amount of strepto- 
mycin present in the cerebrospinal fluid samples, 
It may well be that the losses that occurred were 
due to fixation of heparin by fibrin precursors of 
the cerebrospinal fluid. 

Effect of Injecting Heparin into (he Theca of 
Patients receiving Intramuscular Streptomycin 
Only 

The evidence derived from the preceding e.xpcri- 
ment suggested that no adverse reaction would 
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Fig. 4. — Changes in the cerebrospinal fluid during a course of daily intrathecal 
injections of heparin in a patient on intramuscular streptomycin.. 
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follow the intrathecal administration of heparin lO 
a . patient who was receiving streptomycin by the 
intramuscular route only. Heparin was intro- 
duced, -therefore, in 2,000-unit doses daily into 
the theca of a patient receiving this form of 
therapy, and changes in his cerebrospinal fluid and 
clinical condition were noted. The graph (Fig. 4) 
shows that no significant adverse reaction occurred. 

Conclusions 

1. The admixture of streptomycin and heparin 
causes the appearance of a precipitate which 
removes a large proportion of the heparin from 
solution, but has no effect on the streptomycin. 

2. The occurrence of this reaction in the spinal 
theca produces an adverse effect on the patient. 

3. A mixture of streptomycin and heparin in 
clear solution can be prepared which can be intro- 
duced with safety into the theca and gives com- 
parable streptomycin assays with those found if 
streptomycin is given alone. 

4. When the patient is being given intramuscular 
streptomycin ^only, heparin can be introduced into 
the theca without causing a reaction. 

By this means it is possible to inject heparin 
regularly into the thecae of patients suffering from 


tuberculous meningitis under streptomycin treat- 
ment in an attempt to delay or inhibit the forma- 
tion of adhesions. The effect of -this on prognosis 
has yet to be investigated. 

Addendum 

Since sending this article to press we have 
been receiving samples of veiy pure heparin from 
the Evans Biological Institute, Runcorn.- Very 
little precipitation results from the admixture of 
solutions of this heparin and streptomycin, and the 
supernatant fluid contains a s'eiy high concentra- 
tion of heparin. This has resulted in a saving of 
heparin, but accentuates the need for assaying the 
heparin content of ail heparin/streptomycin mix- 
tures before use. 

Our thanks are due to Dr. A. C. T. Vaughan for 
the streptomycin assays of cerebrospinal fluids ; to 
Dr. R. R. Hughes for permission to investigate his 
patients ; to Dr. I. M. Swithinbank for his willing 
co-operation in treating the cases ; and to Drs. O. F. 
Thomas and A. B. Christie for proriding beds’for the 
patients under investigation. The streptomycin . used - 
in this work was provided by the Streptomycin Com- 
mittee of the Ministry' of Health. 
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A STANDARDIZED MODIFICATION OF THE 
LAUGHLEN TEST FOR SYPHILIS 

BY 

JOHN S. STEVENSON 
From the Central Public Health Laboratory, Glasgow 
(RECEIVED rOR PUBLICATION, DECEMBER, 1947) 


Laiighlen published the first account of his test 
for syphilis in 1935. 

The antigen was made thus; to 1 ml. of Kahn anti- 
gen was added a “ small quantity ” of a fat stain 
(Scharlach R or Sudan III) and four drops of linct. 
benzoin! co., B.P. The mixture was warmed in a 
water-bath at 50° C., and 10 ml. of 1.5 per cent saline, 
also warmed to 50° C., was added. This pink, milky- 
looking fluid was “ sensitized ” by the addition of 
varying amounts of 9 per cent salt solution. For the 
test one drop of this sensitized antigen was mixed on a 
slide with one drop of the serum under examination 
and gently rocked for 10 minutes ; precipitation 
occurring within this time indicated a positive result. 
Several modifications of this technique have been 
described by various workers. 

The Present Study 

The present study was undertaken with a view 
to finding a simple method of making a reliable 
Laughlen antigen which was capable of being 
scientifically reproduced in a standard manner. 
The components of the antigen were first con- 
sidered individually. 

Kahn antigen. — Experiments with Kahn antigens 
from several sources showed that the one produced 
by Burroughs Wellcome and Co. was highly sensi- 
tive — it was used in all subsequent work and proved 
satisfactory. 

Stains. — The “ knifepointfuls ” and “ small quanti- 
ties ” referred to in some versions of the Laughlen test 
'are too vague for accurate work. It was found that 
a simple method of overcoming the difficulty of the 
very small amount of stain required was to use a 3 per 
cent alcoholic solution made as follows; to 100 ml. 
of absolute ethyl alcohol in a 250 ml. flask, is added 
3 g. of the stain powder. The flask, stoppered tightly 
with cotton wool covered with tinfoil, is shaken for 
5 minutes in a Kahn “ shaker ” and placed in an 
incubator at 37° C. for 30 minutes. The resulting 
solution is dark red but contains a thick deposit of 
insoluble material, which is removed by filtering 
twice through Whatman’s No. 1 paper. The volume 
is made up to 100 ml. with absolute alcohol. By 
using this solution the stain may now be accurately 


measured. 0.1 ml. being added to 1 ml, of Kahn 
antigen. Tin's amount of stain solution has no adverse 
cITect on tlie final Laughlen antigen. Of several fat 
stains tried. Scharlach R was found to be the best. 

The diluting .saline. — Better results were obtained 
with the Laughlen test when the diluting saline \v.is 
buffered, with optimum value at pH 6.6. The buffer- 
.salinc consists of 9 g. NaCl added to 1 litre of M/15 
Sorensen’s phosphates at pH 6.6. Pyrex glass is used 
throughout, as a precaution against increasing alka- 
linity. Tlic figure mentioned above. 0.9 per cent, has 
been found to be the optimum NnCl concentration at 
pH 6.6. With buircr-salint it is to be noted that 
alteration of the salt content does not produce the 
same wide variations in antigen sensitivity as is found 
with ordinary saline. 

The benzoin. — A 1-mI. pipette delivers 0.3 ml. (the 
optimum quantity) tinct. benzoin! co. more accu- 
rately than “ drops.” 

Preparation or Antigen 

Into a Pyrex test-tube (6 in, x 5/8 in.) pipette is put 
10 ml. of buffer-saline. The tube is placed in a water- 
bath at 50° C. and left while the other components 
of the antigen are prepared. To 1 ml. of Kahn anti- 
gen (Burroughs Wellcome and Co.) in a similar tube 
is added 0.1 ml. of the 3 per cent stain solution and 
0.3 ml. tinct. benzoin! co., and this is placed in the 
water-bath for 2 minutes. Both tubes are removed and 
the contents mixed by pouring the saline into the anti- 
gen, back and forwards four times. The resulting piuk 
liquid is the modified Laughlen antigen. Sedimenta- 
tion, which occurs within a few hours, does not 
impair the qualities of the antigen: before use the 
colloidal appearance is restored by inverting the con- 
tainer. The sensitivity of the completed antigen is 
low when first made, but rises to its maximum within 
the next 30 to 36 hours, thereafter remaining constant 
for about four months. It should, therefore, be laid 
aside for about 36 hours before testing. Further 
sensitization by strong saline is unnecessary. The 
antigen is stored at room temperature. 

The Apparatus 

The mechanical mixer (Plate Illn) consists of a 
circular porcelain plate, marked in 3 /4-in. diameter 
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circles with black enamel, mounted for rotation at 
20° to the horizontal on an adapted gramophone 
motor. 

Two Dreyer pipettes are needed, one for the anti- 
gen and one for sera. They are each calibrated to 
deliver 0.05 ml. serum per drop. 

The Test 

The sera are inactivated as usual. The need for 
inactivation has been questioned by several workers 
using the Laughlen test, but e.vperience with the 
present modification has shown it to be necessary' 
(Table 1). 

Method. — ^Tube racks are designed to take 12 speci- 
mens per row ; it is convenient to have two-row racks, 
each row of which is given a reference letter (A, B, etc.) 
which is marked on the plate as shown in Plate llln. 
Using the appropriate pipette, rinsed out once with 
saline between specimens, one drop (0.05 ml.) of each 
serum is placed in its respective circle, working from 
left to right, and starting with the outer si,\ circles. 
The next row is pipetted on to the other half of the 
plate. Into each circle is now added one drop of 
antigen, which is mixed by inversion just before use. 
The motor of the '• mixer ” is wound up and the plate 
placed on the turntable, which is set going at the 
standard speed of 18 to 20 revolutions per minute 
for 10 minutes. This “ standard speed ” is empirical 
and is simply that which makes for smooth mixing of 


TABLE I 

RESULTS OBTAINED WITH 75 SERA BEFORE AND AFTER 
inactivation 
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the contents of the circles without causing overflow- 
ing. (The speed control of the motor may need 
adjustment to obtain this slow rate.) The mixtures 
of antigen and serum should fill each circle and flow- 
round smoothly inside the margins, but if any remains 
as a blob of liquid the motor should be stopped 
momentarily and with a piece of thin wire the fluid 
may be spread out gently to fill the drcle’s area. At 
the end of the 10 minutes the plate is removed from 
the turntable and the twenty'-four tests examined by- 
means of a x6 hand lens. The following results may-, 
be found: 

negative . — Appearance uniformly colloidal. No 
precipitate visible even with the lens. 

Doubtful (-^). — A very- faint precipitate visible with 
the lens. Of no diagnostic importance. 

Positive (-f-r). — ^A definite, fine precipitate, visible 
to the naked eye. Does not indicate syphilis per se, 
and requires confirmation by Wassermann and/or 
Kahn reactions. 

Positive ( -r -f -r ). — A heas-y precipitate. Indicates 
sy'philis in 95 per cent of cases. 

Positive (-b-b-r-r). — A very- hea\-y- precipitate, con- 
centrated into roughly twelve ■'clumps," always indi- 
cates syphilis and is invariably accompanied by a , 
-b-bW.R. and a -b-b, -b-b-b, or -b -b-b-b Kahn. 

The various degrees of positive precipitation are 
shown diagrammatically in Plate Illh,,^ 

TABLE II 

A.NALVSIS OF 521 DISCREPANOES OBTAINED WITH 

untreated cases 
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Results 

The above modification of the Laiighlen reaction 
has been tested with 16,824 sera, in parallel with 
the Wassermann (Wyler, 1929, 1931) and Kahn 
tests. Of these, 11,496 were diagnostic specimens 
and 5,328 from cases undergoing antisyphilitic 
treatment. In the former group, all three tests 
gave negative results with 374, while 521 sera 
produced discordant results of one kind or another. 
These discrepancies have been analysed (Table II), 
and are discussed later. In the treated group, 1,460 
specimens were positive with the three tests, and 
2,448 negative. 1,420 sera gave discrepancies 
which arc analysed in Table III. 

Discussion 

This modified Laughlen (M.L.) test is intended 
mainly for use as a quick and convenient screen 
test. To be useful, its sensitivity level mu.st be 
such that no serum from a new, untreated case 
escapes detection, even though it may be classed 
as doubtful or weakly positive by other tests for 
syphilis. If the M.L. test is to be used for the 
control of treatment, its sensitivity must in every 
instance be at least as high as that of any standard 
test. Non-specific positives are to be expected 
in both instances, but, if comparatively few in 
number, they are of little importance because all 
positive sera should be re-tested by the Wassermann 
test, the Kahn test, or both. 

Accordingly, the results of the investigation may 
be discussed in relation to untreated and treated 
cases. 


TABLE in 
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Nt.L. — Modified Laughlen. 


Untreated cases. — No scrum giving a positive 
Wassermann reaction was negative by the M.L. 
test. Direct agreement between the two methods 
was found in 10.975 te.sts, plus 260 (Table II), a 
total of 11,235 or 97.7 per cent, if the 121 cases 
in which rc-lc.sling produced agreement arc added 
\ to this total the percentage rises to 98.5, and it 
might be greater if more of the discrepant sera 
had been available for re-lcsting. In no instance 
was there any evidence of an earlier specific 
response to the Wassermann test than to the M.L. 
test, the 24 doubtful Wassermann results being 
accepted as non-.spccific on the evidence of the 
later tests. Of the 155 sera giving doubtful M.L. 
readings, all those available for re-testing were 
found negative, which confirms the belief that this 
degree of precipitation can usually be disregarded. 
Nevertheless it is a useful reaction to record, but 
docs not imply that further examination of a scrum 
is necessary unless this is indicated by suggestive 
clinical evidence. 

A similar comparison with the Kahn test 
showed that no specific positive or “ doubtful ’’ 
result was ever found in a syphilitic scrum giving 
a negative M.L. test. The large number. 260. of 
non-.spccific Kahn results in this scries was due 
probably to the large number of sera from preg- 
nant women. But if the doubtful M.L. results are 
disregarded substantia] agreement was achieved 
with the Kahn test in 96 per cent of examinations, 
or in 98 per cent if the “ three weeks later " results 
are taken into account. 

Thus in a large series of serum examinations the 
M.L. test proved 100 per cent sensitive. Specifi- 
city in a screen test is of less moment. The 
number of non-specific positive M.L. results simply 
indicates the sera which have to be unnecessarily 
re-tested by Wassermann, Kahn, or both. In this 
series 82 positive M.L. reactions were associated 
with negative or- doubtful Wassermann-Kahn 
results. Examination three weeks later showed 
that at least eight of such results were specific, 
therefore only 74 sera, approximately 0.7 per cent of 
the total, would have been re-tested unnecessarily 
by an accepted standard procedure had the M.L. 
test been used for screening. In one contingency, 
however, it may be desirable to know the actual 
non-specific rate of this test. If an immediate 
report is required — as, for instance, on a patient 
leaving the district, or on a blood donor prior to 
a direct transfusion — it may be helpful to know 
what reliance can be placed on this quick and con- 
venient test. Its non-specific rate here was approx- 
imately 12 per cent. The Kline exclusion test has 
a non-specific rate of 9 per cent and the Hinton 
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and Kahn presumptive lest approximately 5 per 
cent. But in this series the non-specific rate of 
the standard Kahn was unusually high at 10 per 
cent, so that the high rate of the M.L. was prob- 
ably due more to the nature of the material 
examined than to any deficiency in the test. Never- 
theless this finding supports the belief that com- 
plete sensitivity and specificity are not attainable 
in any one simple test. Should a report be 
required at short notice it is, however, permi.ssiblc 
to use the M.L. test if only complete precipitation, 
the + + + + reading, be accepted as positive, and 
all intermediate grades of precipitation classed as 
doubtful. All positive and negative readings will 
then be entirely specific. 

Treated cases. — Complete agreement with the 
Wassermann was recorded in approximately 73 per 
cent of the specimens examined, and this low rate 
of agreement between the two tests was due to 
the many instances where the M.L. remained posi- 
tive after the Wassermann and Kahn had become 
negative (Table HI). On the other hand, 13 sera 
which were positive in varying degrees with both 
Wassermann and Kahn, and 37 sera positive with 
Kahn only, gave negative results with the M.L. 
Although the Laughlen reaction usually remain's 
positive after the Wassermann and Kahn have be- 
come negative, about 1 per cent of treated cases 
react negatively to the Laughlen while the other 
tests are still showing a positive result. This 
irregular sensitivity, and especially the poor corre- 
lation with the Kahn test, so widely applied to the 
control of antisyphilitic treatment, suggests that 
this version of the Laughlen test is unsuitable for 
use with treated cases. 


Simimary 

The composition of the Laughlen antigen and 
the technique of performing the test have been in- 
vestigated. From the findings a modified pro- 
cedure has been evolved, which has been tested in 
the examination of 16.824 sera, 5,328 from treated 
cases. 11,496 from untreated cases. The findings 
suggest that the modified Laughlen test has no 
special merits as a final diagnostic test, that it is 
not suitable for the control of treated cases, but 
that it is especially valuable as a “ .screen " lest for 
diagnostic specimens. The degree of sensitivity 
is such that no syphilitic scrum is missed, yet com- 
paratively few non-specific positives arc encoun- 
tered. The antigen is easy to prepare by a 
standardized method and gives constant results for 
at least four months from its date of manufacture. 
The whole test is extremely simple to perform. 

I desire to express my thanks to Prof. W. J. Tullocli, 
University College. Dundee, for his explanation of 
many points conneeled with the Laughlen reaction, 
and to Dr. R. D. Stuart, lately city bacteriologist. 
Glasgow, for his help and encouragement during thi.s 
investigation. I should like also to acknowledge the 
assistance of many members of the staff of the Central 
Public Health Laboratory. Glasgow, without whose 
co-operation the investigation would not have been 
possible. 
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SINGLE-SAMPLE TESTS IN THE DIFFERENTIAL 
DIAGNOSIS OF JAUNDICE 

BV 

C. A. MAWSON 

From the Pathological Laboratory, Royal Berkshire Hospital, Reading 
(received for publication, JANUARY 16, 1948) 


Many attempts have been made to compare the 
usefulness, of the .various tests of liver function. 
The papers of 'White and others’ (1940), Wilson 
(1940), Higgins and others (1944), Maizels (1946), 
and Sherlock (1946) discuss the merits of such 
diverse estimations as bromsulphalein, hippuric 
acid, and urobilinogen e.\cretion ; bilirubin, chole- 
sterol, cholesterol esters, differential proteins, fibri- 
nogen, phosphatase, phospholipins, and prothrom- 
bin in serum or plasma ; galactose and fructose 
tolerance ; and the cephalin-cholesterol, colloidal 
red, Takata-Ara, and thymol turbidity tests. It has 
been difficult to find an independent measure of the 
degree of liver damage, and even the liver biopsy 
used by Sherlock and others may not always be 
satisfactory. If the tests are regarded as empirical 
aids in specific diagnostic problems, rather than as 
a means of measuring liver damage, the situation 
is simplified, though the evaluation of results must 
•often depend upon the accuracy of clinical 
diagnosis. 

The object of the present work has been to in- 
vestigate the suggestion of Maclagan (1944a) that 
a combination of the thymol turbidity or the col- 
loidal gold test with an estimation of the serum 
alkaline phosphatase would distinguish between 
infective hepatitis and obstructive jaundice in a 
high proportion of cases. Maclagan (1947) has 
published a survey of his results using these tests 
on two hundred cases of jaundice, of which fifty- 
six were obstructive and ninety-five infective 
hepatitis. He was able to distinguish between 
obstructive and non-obstructive jaundice in from 
65 to 79 per cent of cases by combining one 
flocculation test with an estimation of the serum 
alkaline phosphatase. The limits set for the data 
to be considered of diagnostic significance were 
so severe as to exclude the possibility of mis- 
classification within his group of cases. In practical 
work it is usual to accept some possibility of error 
as inevitable, and with this in mind Maclagan's 
results are very satisfactory. Rennie and Rae 


(1947) have reported their experience with the 
cephalin-cholesterol and colloidal gold tests in 
obstructive jaundice, infective hepatitis, and several 
other diseases involving liver injurs’. They showed 
that these two flocculation tests gave negative 
results in 84 per cent of cases of obstructive jaun- 
dice while positive flocculations were obtained ss'ith 
nearly as high a proportion of sera from patients 
with infective hepatitis. These authors point out 
that in spite of general agreement betsveen the 
results of the two tests they ss'ere not alwas’s 
parallel, and a similar lack of strict correlation has 
been observed among the flocculation tests used in 
the present investigation. 

In addition to the thymol turbidity and 
colloidal gold tests the present investigation has 
included Britton's (1945) modification of the 
Takata-Ara reaction, together with the estimation 
'of the alkaline phosphatase, bilirubin, and 
albumin-globulin ratio. These six tests can all be 
performed on 3.5 ml. serum and have in this 
respect an advantage over the tolerance tests, 
which involve several venepunctures. The results 
have been analysed statistically by methods 
described by Bradford Hill (1946). 

Experimental 

Methods 

All colours and turbidities were read in a King 
(1942) photo-electric colorimeter, using Ilford spec- 
trum lighl fillers. 

Takata-Ara reaction. — The modified method of 
Britton (1945) was used. Three lubes containing 
respectively I ml. of I; 2. 1:4. and 1:8 dilutions of 
serum in 0.85 per cent NaCl were treated with 0.25 ml. 
10 per cent N3;CO, and 0.5 ml. 0.5 per cent HgCI.. 
The tubes were shaken after each addition and 
examined after twenty-four hours. TTie amount of 
precipitate in each tube was graded as 5. 2. I. or 0, 
corresponding to the more usual notation of 
trace, and 0. This device was adopted for statistical 
reasons, the result of the test being obtained by 
totalling the grades of the three tubes. 
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Colloidal gold lest.— The method and gradine of 
results were those of Maclagan (1944b). 

Thymol turbidity lest. — Maclagan's method (1944a) 
was used. The buffer made up as de.scribed by 
Maclagan gave a pH of less than 7.8, so the pH was 
adjusted to this value with NaOH. It was later found 
that this led to a reduction in sensitivity, but for pur- 
poses of comparison it was considered inadvisable to 
alter the procedure in the middle of the investigation. 

Alkaline phosphatase.— This was estimated by the 
method of King and others (1942). 

Differential sernni proteins . — The biuret method of 
Robinson and Hogden (1940) was used for total pro- 
teins and albumin. 

Bilirubin . — This was estimated by the method of 
King and others (1937). 

Results 

Normal Blood Donors 

The three flocculation tests have been carried 
out on the sera of one hundred apparently normal 
blood donors, and the results are shown in Table 1. 
(The large number of significant figures given in 
this and other tables are included for statistical 
purposes and not because they are supposed to 
have physical significance.) It has been assumed 
that the “ normal range ” is given by the mean ± 
twice the standard deviation. When a result out- 
side the normal range was obtained with one of the 
flocculation tests on the serum of a normal blood 
donor the other two tests were usually normal. 


TABLE 1 

RESULTS OF FLOCCULATION TESTS ON ONE HUNDRED 
SERA FROM normal BLOOD DONORS 


1 

Test 

1 

Mean 1 

Standard 

deviation 

Mean ± 

2 . S.D. 

Takata-Ara . . 

0.4 

0.92 

0-2 

Colloidal gold 

0.3 

0,81 

0-2 

Thymol turbidity , . 

1 

1.2 

0.53 

0.1 -2.3 


S.D. = standard deviation. 


Flocculation tests and albumin-globulin ratio. 
— ^^It has been stated by Biilint and Bdlint 
(1942) that positive results in the Takata-Ara 
reaction are merely due to an abnormally low 
albumin-globulin ratio, and in particular to a 
relative excess of “ euglobulin,” which includes the 
fraction now referred to as v-globulin. It was 
thought useful to compare the results of all three 
fiocciilation tests with those of differential serum 
protein estimations, and correlation coefficients 
have been calculated between the individual 
flocculation tests and between these tests and 


TABLE ri 

CORRELATION COEIFICII-NTS OF FLOCCULATION TLSTS 
WITH ALIIUMIN-GLOIIULIN RATIO, AND OF FLOCCULA- 
TION TESTS WITH ONE ANOTHER 


Correlation 

i 

Number , 
of 

tests (n) 

Correlation 
coefficient 
(r) 1 

“Significance” 

('/7S) 

Gold-A/G 

187 

0.22 

3.0 

Thymol-A/G 

187 

0.23 

3.1 

Takaia-A/G 

186 

- 0.38 

5.2 

Taka ta-Thy mol 

352 

-rO.49 

9.2 

Takata-Gold 

320 

4-0.61 

10.8 

Thymol-Gold 

315 

-1-0.77 ■ 

13.7 


the albumin-globulin ratio. Pathological sera 
were used, and the results arc shown in Table II. 

The correlation coefficient divided by its stan- 
dard error (col. 4) is in each case greater 
than 2 and is therefore significant. This docs 
not prove, however, that positive flocculation 
tests arc due to a common cause, and still less does 
it prove that the cause is a low albumin-globulin 
ratio. The lowest correlation coefficients in the 
table are those between the albumin-globulin ratio 
and the flocculation tests, arid the highest correla- 
tion is between the colloidal gold and thymol tur- 
bidity tests. A reduced albumin-globulin ratio is 
more closely associated with a positive Takata-Ara 
reaction than with high results in the colloidal gold 
and thymol turbidity tests, and this point will be 
referred to in the discussion. 

Infective Hepatitis and Obstructive Jaundice 

Flocculation tests and proteins. — A comparison 
between results from patients with infective hepa- 
titis, diagnosed clinically, with those from cases 
of obstructive jaundice proved at operation or 
necropsy, is shown in Table 111. If a series of 
investigations had been done on the same patient 
the first complete set was used for the statistical 
analysis. It has been assumed that the difference 
between two means (x-y) is significant if x-)’ 
divided by the standard error of the difference 
(S.E.) is greater than 2. While all 3 flocculation 
tests gave significant differences in the two forms 
of jaundice the colloidal gold and thymol turbidity 
tests gave much better discrimination than the 
Takata-Ara reaction. 

The serum proteins and albumin-globulin ratio 
were almost identical in the two forms of jaundice. 

Bilirubin and pliospliatnsc. — The mean serum 
bilirubin in infective hepatitis (6.S mg. /1 00 ml.) 
was significantly lower than that observed in 
obstructive jaundice (12.2 mg./ 100 ml.), but the 
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TABLE lU 

COMPARISON' BETWEEN RESULTS IN INFECTIVE HEPATITIS AND IN OBSTRUCTIVE JAUN'DICE 




Takata- 

Colloidal 

Thymol 

Total 

Albumin 

Globulin 

AIG 

1 

Alkaline { 

Bilirubin 



Ara 

gold 

turbidity 

protein 

(%) 

. (%) 

ratio 

phosphatase | 

(mg./100,'ml.) 



(grade) 

(grade) 

(units) 

(%) 

(units/IOO ml.) | 

Infective J 
hepatitis 1 

^ n 

37 

1 32 

37 

28 

1 28 

28 * 

28 

38 ' 

36 

' X 1 

4.49 

t 2.84 

4.81 

6.44 

3.25 

3.20 

1.14 

17.59 

6.80 

[S.D. 

2.22 

1 1.73 

2.99 

0.93 

1 0.90 i 

0.97 

0.47 

7.94 i 

5.67 

Obstructive! 
jaundice "i 

r D ; 

y 

34 1 

2.06 



i 25 
6.18 

25 

3.12 

1 25 

3.05 1 

1 ^ 
1.05 

33 

37.85 j 

: 34 

1 12.19 

[S.D.I 

2.14 I 

0.25 1 

0.49 1 

0.67 

0.56. 

1 0.55 

10.29 

16.36 

9.45 

Analysis | 
of • J 

fx—y 

2.43 

2.78 

4.03 

0.26 

0.13 , 

0.16 

I 0.09 

20.26 1 

1 3.3y 

1 S.E. 

0.52 

0.31 

0.50 

0.23 1 

0.20 1 

0.21 

0.11 

3.13 

1.88 

Ui y 

differences 

1 x-y 

mm 

9.0 

8.1 

1.2 

0.7 

0.8 

1 0.8 

6.5 i 

! 2.9 

Ls.h. 

mi 


1 

I 



! 

1 

1 

j 


n = Number of patients, x and y = mean values, S.D. = standard deviation. S.E. = standard error of difference between means, 

A/G = albumin.g1obulin. 


serum alkaline phosphatase was of much greater 
discriminant value than the bilirubin. 

Sherlock (1946) found that no positive correla- 
tion existed beUveen the bilirubin and phosphatase 
contents of the serum in obstructive jaundice and 
infective hepatitis. This obsers'ation has been con- 
firmed by the present work. In obstructive jaun- 
dice the correlation coefficient was 0.29, and the 
coefficient divided by its standard erroi'was only 
1.63, indicating that the correlation was not signifi- 
cant. The corresponding figures for infective 
hepatitis were 0.17 and 1.00. The number of cases 
on which these figures are based f72), combined 
with those of Sherlock, makes it virtually certain 
that bilirubin and phosphatase are not secreted into 
the serum by the same mechanism, which supports 
Maclagan’s (1947) view that the rise in phosphatase 
“ represents a positive secretory response of the 
liver cell to a variety of chemical or bacterial 
insults." An alternative explanation would be a 
difference in the mechanism of the removal of these 
substances from the plasma. 

Relative discriminant value of tests. — If we 
regard (x-y)/S.E. as a measure of the relative 
discriminant values of the tests, the descend- 
ing order of usefulness given by the figures in 
Table HI is; colloidal gold, thj-mol turbidity, 
phosphatase, Takata-Ara. and bilirubin. Maclagan 
(1947) found that the alkaline phosphatase had the 
highest discriminant value, followed by thymol 
flocculation, colloidal gold, and thymol turbidity. 
Unfortunately the thymol flocculation was not 
recorded frequently enough in the present work 
for adequate statistical treatment. 

N'» 


Miscell-vneous Diseases 

Although many pathological sera have been 
examined the number for each disease has been 
small except for infective hepatitis and obstruc- 
tive jaundice. Malaria and infective mono- 
nucleosis, and to a lesser extent amoebic hepatitis 
and thyrotoxicosis, have given positive flocculation 
tests, while extensive carcinomatous metastases in 
the liver and almost total destruction of normal 
hepatic tissue in Band's disease have given results 
within normal limits. 

Discussion 

Takata-Ara reaction. — In the series of eighty- 
one cases considered by Balint and Balint (1942). 
positive results in the Takata-Ara reaction were 
nearly always associated with a lowered albumin- 
globulin ratio. Only six anomalous results were 
obtained — four sera with albumin-globulin ratios 
of 1.3 to 1.6 gave positive results, whereas no 
flocculation was obseiwed with two sera basing 
albumin-globulin ratios of 1. 1. Although the 
present results show a highly significant correlation 
(-0,38) between the Takata-Ara reaction and the 
albumin-globulin ratio, there were many examples 
in which the results were not parallei. Among 
I8S sera, twenty-eight had a Takata-.Ara reaction 
lower than grade 2. coupled with albumin- 
globulin ratios below 1.2. and on the other hand 
Takata-Ara reactions higher than Grade 2 occurred 
with twenty-four sera having albumin-globulin 
ratios higher than 122. Britton's Takata-.Ara reac- 
tion cannot therefore be regarded merely as a quali- 
tative indication of lowered albumin-globulin ratio. 
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Colloidal gold and tliyniol (iirbidily Icsfs. — 

There is disagreement concerning the mechanism 
of the flocculation tests, particularly regarding the 
thymol turbidity test. The evidence was reviewed 
by Maclagan and Bunn (1947), who found that 
y-globulins were the main precipitating proteins in 
the thymol, gold, cephalin-cholcsterol, and Takata- 
Ara tests. The cephalin-cholesterol and Takata- 
Ara reagents were also precipitated by and 
j5-globulins from hepatitis sera. The gold test 
was inhibited by albumin and and ^-globulins, 
while albumin inhibited the cephalin-cholcsterol 
and Takala-Ara reactions. Cohen and Thompson 
(1947) believe that although the y-globulins arc 
raised in hepatitis sera while the /7-globulins may 
only be slightly above normal, nevertheless a high 
thymol turbidity is probably due to a qualitati\c 
change in the /3-globulin fraction. Unfortunately 
the conditions used by Cohen and Thompson were 
not the same as those specified by Maclagan. 

The present investigation shows that the colloidal 
gold and thymol turbidity tests are not measures 
of exactly the same phenomenon. The correlation 
coefficient of + 0.77 between these two tests 
(Table II) is high, but in many individual cases they 
gave discordant results. Among 323 pathological 
sera, twenty gave abnormally high thymol turbidi- 
ties combined with normal “ golds,” whereas eight 
had high “ golds ” with normal “ thymols.” Thus 
in about 9 per cent of these sera the results of 
the two tests were not in agreement, which would 
be unlikely if both depended on the same set of 
conditions. The flocculation is probably due in 
both cases to the same positive cause (e.g., y-globu- 
lins), but the modifying factors such as albumin 
and n- and P-globulins are different (Maclagan and 
Bunn, 1947 ; Moore and others, 1945). The 
danger of drawing sweeping conclusions from com- 
parisons between parallel results of these empirical 
tests is illustrated by the fact that slight variations 
in reagents and technique may give very different 
results with the same serum. 

The technical difficulty of fractionating sera 
electrophoretically is a serious obstacle to quanti- 
tative investigation of the flocculation tests. The 
work of Maclagan and Bunn (1947) was based 
upon results from a single mixed specimen of 
“ typical ” hepatitis serum, and the limitation which 
this places upon their interpretations will oe 
realized when it is considered that in a series of 
cases of “ typical ” infective hepatitis the results 
of the various flocculation tests may range from all 
being strongly positive to an occasional example 
in which all are negative (Tables IV and V). 


TABLE IV 


anomalous KtSULTS IN INrECTlVE HEPATITIS 


No. 1 

Takata 

(grade) 

Gold 

(grade) 

Thy- 

mol 

(unit.s) 

A/G 

! 

Alkaline | 
phospha- 
tase 
(units/ 
100 ml.) 

Bili- 
rubin 
(mg./ 
100 ml.) 

1 

1 

1 

1.8 

2.1 

10.0 

5.5 

2 

2 j 

0 

0.9 

0.9 

15.8 

4.3 

3 

0 

0 

0.4 

2.4 1 

33.2 

, 6.1 

4 

3 

0 

1.4 

1.2 

13.6 

1 1.4 

5 

0 

1 

1.8 

— 

17.4 

! 6.0 

6 

0 



1.1 



19.6 

3.6 

7 

3 

0 

3.2 

1.4 

16.5 

i 21.0 

8 

5 

0 



1.5 

13.4 

— 

9 

5 

3 

2.1 

1.3 

16.4 

1 9.7 

10 

1 2 

2 

2.1 

1.6 

' 9.7 

! 4.1 

11 

3 



1.6 



12.5 

4.6 

12 

I 5 

1 

2.1 

1 

- 24.0 

2.5 


Differential diagnosis of jaundice. — A compari- 
son is shown in the Figure between the results 
obtained with the three flocculation tests when 
applied to sera from normal blood donors and 
from patients with obstructive jaundice and infec- 
tive hepatitis. The means are shown at the corners 
of the triangles, and in the middle of each side is 
given the “significance” (x — y/S.E.) of the differ- 
ence between the means at the corresponding 
corners. The Takata-Ara reaction in both forms 

0-4 


NORMAL 



0-3 1-2 


NORMAL NORMAL 



Figure. — Differences between results of flocculation 
tests in normal individuals and in patients with 
obstructive jaundice and infective hepatitis. (The 
figures at the corners of the triangles are means, and 
those on the sides represent significance of differences 
between means.) 
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of jaundice was significantly above the normal, 
which is consistent with the fact that liver damage 
occurs in both conditions. However, in the case of 
the thymol turbidity and colloidal gold tests the 
results in ' obstructive jaundice were significantly 
lower than the normal values. TTiese two tests 
should not, therefore, be referred to as “liver 
function tests.” 

For the differentiation of obstructive jaundice 
from infective hepatitis these results suggest that in 
obstructive jaundice the colloidal gold test will oe 
grade 0, or occasionally grade 1, the thymol tur- 
bidity 2.1 units or less, and the alkaline phos- 
phatase greater than 25 units/ 100 ml. In infective 
hepatitis the colloidal gold will be greater than 
Grade 1, the thymol turbidity above 2.1 units, and 
the phosphatase less than 20 units/ 100 ml. No case 
of obstructive jaundice has been encountered 
which would have been wrongly diagnosed using 
either the colloidal gold or thymol turbidity test 
alone with the above criteria, but among thirty- 
nine cases diagnosed clinically as infective hepa- 
titis no less than twelve gave misleading results 
with one of these flocculation tests (Table IV). In 
the first five cases shown in the table both tests gave 
results within normal limits. However, in ten of 
these twelve cases the phosphatase was below 20 
units/ 100 ml., whereas among thirtj'-three cases of 
proved obstructive jaundice a phosphatase of less 
than 20 units/ 100 ml. only occurred five times, 
the lowest value observed being 16.8 units/ 100 ml. 
Taking all the criteria into consideration the only 
cases shown in Table IV which would be likely 
to be wrongly diagnosed are numbers 3, 6, and 12. 
and only in Case 3 are the results really typical of 
obstructive jaundice. Serial tests were done on 
seven of the twelve cases in Table IV, and three 
of these eventually gave positive flocculation tests. 


TTie frequency of positive results for the Takata- 
Ara reaction in obstructive jaundice makes this test 
useless for the differentiation of the cases quoted 
in Table IV. Among thirty-three obstructive jaun- 
dice sera, fourteen gave results above Grade 2, 
and nine above Grade 3. It is noteworthy that 
the albumin-globulin ratios shown in the table are, 
with only one exception, within normal limits, 
which suggests that the liver damage could not 
have been severe, and in all cases except tw'o the 
bilirubin is below the mean for infective hepatitis 
of 6.8 mg./ 100 ml. 

That the chance of mis-classification, using the 
above criteria, is real and not due to mistaken 
clinical diagnosis, is illustrated in Table V, which 
shows results from two soldiers, A and B, who 
entered hospital within a few days of one another. 
They were close friends and slept in adjoining beds 
in barracks, and there seems little doubt that they 
had infective hepatitis of common origin. The 
results of the tests on the two men were very 
different even when done simultaneously, and, if- 
the colloidal gold and thymol turbidity results alone 
had been considered. A might well have been diag- 
nosed as suffering from obstructive jaundice. The 
low phosphatase made such a diagnosis unlikely, 
but it must be admitted that it is a mistake to place 
too much reliance on this test when it conflicts with 
the flocculation tests. In doing so one would be 
discarding the results of two tests of high discrimi- 
nant value in favour of that of a single test of 
lower discriminant value (Table III). 

Maclagan (1947) gave a series of criteria for 
discrimination which excluded all possibility- of 
mistaken diagnosis within his group of cases. A 
similar classification of the results obtained in the 
present work shows that, in round figures, all cases 
with phosphatase greater than 40 units/ 100 ml. 


TABLE V 


•nVO CONTRASTED CASES OF INFECITVE HEP.STmS, PROBABLY OF CO.MMON ORIGI.N 


Case 

Date 

1 

Takata- 

Ara 

1 (grade) 

Colloidal 

gold 

(grade) 

[ Thymol 
turbidity 

1 (units) 

Total 

protein 

Ci) 

1 Albumin 

i 

Globulin 

(°o j 

A'Gj 
ratio 1 

Alkaline 
phosphatase 
(units TOO ml.) 

[ Bilirubin 
r(ms./100 ml.) 


1.8.46 

I 

1 

1.8 


i 5.7 

2.7 , 

1 

10.0 

11.1 

4 

2.8.46 

2 

I 

1.8 


; 5.8 

2.9 

2.0 

13.3 

! 13.5 


7.8.46 

T 

0 i 

1.2 

BSB 


— 1 

1 - 



[ 


13.8.46 

1 

0 1 

1.6 

mm 


2,7 I 

! i.s 

8.9 

2.5 


6.8.46 


3 

4.7 

6.8 1 

i 4.0 i 

1 2.8 ' 


20.6 i 

6.6 


7.8.46 


4 

4.8 

— 




j 

15.0 

B 

13.8.46 


5 1 

5.0 

7.5 


' 3.6 

l.i 

17.6 i 

39.2 


24.8.46 


1 

2.4 

6.7 


! --9 

1.7 

13.6 

4.1 


5.9 46 


1 

2.0 

5.9 


1 2.1 

i 1.8 

10.9 1 

1 

2.9 
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were obstructive jaundice and all with phosphatase 
less than 17 units/ 100 ml. were infective hepa- 
titis. All sera having colloidal gold tests less than 
" Grade 2 and thymol turbidities less than 2.2 units, 
combined with phosphatase higher than 33 units/ 
100 ml., were from patients with obstructive 
jaundice, and all cases having colloidal gold tests 
greater than Grade 1 and thymol turbidities 
greater than 2.1 units were of infective hepatitis. 
These results agree well with those of Maclagan, 
except that Maclagan’s thymol and gold reagents 
were evidently considerably more sensitive than 
those used in this investigation. 

Summary 

1. The usefulness of the Takata-Ara reaction, 
cdiloida} go]d, and thymo) turbidity tests, difi'eren- 
tial serum proteins, serum alkaline phosphatase, 
and serum bilirubin estimations for the difl'erential 
diagnosis of infective hepatitis and obstructive 
jaundice has been investigated. 

2. Statistical analysis indicates that all these 
tests except the differential serum proteins give 
significantly different results in the two forms of 
jaundice, but only the colloidal gold, thymol tur- 
bidity, and alkaline phosphatase arc of high 
discriminant value. 

3. The three flocculation tests are closely corre- 
lated with one another and, to a lesser extent, with 
the albumin-globulin ratio. Each is a measure 
of a different complex of factors, and none is 
merely a qualitative test for a lowered albumin- 
globulin ratio. 

4. The Takata-Ara reaction gave results above 
normal in both forms of jaundice, but the mean 
results of the colloidal gold and thymol turbidity 
tests were significantly lower in obstructive 
jaundice than in normal sera. 

5. There is no significant correlation between, 
the bilirubin and the phosphatase in, either form 
of jaundice. 


6. All sera from patients with obstructive jaun- 
dice had colloidal gold tests less than Grade 2 and 
thymol turbidities less than 2.1 units, and 75 per 
cent had a scrum alkaline phosphatase greater than 
25 units/ 100 ml. About 70 per cent, of sera from 
patients with infective hepatitis had colloidal gold 
tests greater than Grade 1, thymol turbidities 
greater than 2.1 units, and phosphatase less than 
20 units/ 100 ml. All cases with phosphatase 
greater than 40 units/ 100 ml., were obstructive 
jaundice, and all with phosphatase less than 17 
units/ 100 ml. were infective hepatitis. All cases 
with gold tests less than Grade 2 and thymol 
turbidities less than 2.2 units, combined with phos- 
phatase higher than 31 units/ 100 ml., were 
obstructive jaundice. 

Grateful acknowledgment is made to my medical 
colleagues at this liospital and at the Battle hospital, 
and particularly to Dr. W. Hausmann. for the supply 
of sera and reports. Drs. R. B. Fisher and P. White 
gave valuable advice on the interpretation of the 
statistics, and Mr. E. B. Love, B.Sc., carried out many 
of the estimations of phosphatase and bilirubin. 
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TECHNICAL METHODS 

THE ESTIMATION OF POTASSIUM BY A MICRO-METHOD 

BY 

J. N. COMINGS 

From the Clinical Pathological Laboratory, National Hospital. Queen Square, London 
(received for publication, OCTOBER 6, 1947) 


A method for the estimation of potassium using 
a. silver cobaltinitrite complex was described pre- 
viously (Cumings, 1939). The method as described 
below has overcome the disadvantages of the 
original method, which were the need for ashing 
sera and the rather difficult titration involved. TTie 
composition of the compound has been ascertained 
and will be indicated in this paper. 

Breh and Gaebler (1930), after deproteinization 
of serum, added silver nitrate followed by the 
usual sodium cobaltinitrite reagent, and part of 
their procedure has been utilized. A colorimetric 
method is used in place of final titration for esti- 
mation of nitrite (Hoagland and Ward, 1942 ; see 
also Looney and Dyer, 1942). 

Method 

To 3.1 ml. of distilled water in a centrifuge tube 
are added 0.2 ml. serum followed by 0.3 ml. 2/3 
A-H,SO^ and 0.3 ml. 10 per cent w/v 
Na 3 \V 042 H :0 ; after mixing, 0.1 ml. of 5 per cent 
w/v AgNO, is added, and the contents mixed and 
centrifuged ; 2 ml. of the supernatant fluid are 
placed in a centrifuge tube graduated at 10 ml., and 
1 ml. of my original silver cobaltinitrite reagent is 
added (Cumings, 1939), and the tube centrifuged 
after standing for one hour. To the precipitate 
are added about 10 ml. of 50 per cent acetone, 
which is centrifuged after mixing, and this proce- 
dure is repeated once more, after which 1 ml. of 
2.5 N-NaOH is added to the precipitate and the 
lube placed ina boiling-water bath for five minutes. 
Distilled water is now added up to the 10 ml. mark. 
After mixing, the contents are centrifuged and 
1 ml. of the supernatant fluid is diluted to 25 ml. 
with distilled water. 

Five ml. and 10 ml. of this dilution are placed 
in test tubes made up to 10 ml. irith water, and 
1 ml. of 0.2 per cent sulphanilamidc is added, fol- 
lowed by 0.2 ml. of 0.1 per cent. A'-ll-NaphthyD- 
cthylenediamine hydrochloride. 

A blank of 10 ml. of distilled water, and two 


standards of 10 ml. of distilled water containing 
0.004 and O.OOS mg. of sodium nitrite, are treated 
in the same way, and aU tubes are placed in ice 
or in a refrigerator as at this- temperature there is 
a greater constancy of colour production. After 
cooling 0.2 ml. of 6A-HC1 are added to each tube, 
the contents mixed, and the tubes returned to the 
cold for fifteen rm'nutes, after which time readings 
are taken in a colorimeter. (A King pattern photo- 
electric colorimeter has been found to be very suit- 
able.) TTie pink to red colour is permanent for 
twenty-four hours. 

A standard potassium solution should also be 
treated in the same manner as the serum by taking 
0.2 ml. of a solution containing 51.7 mg. KNO^ 
per 100 ml. (equivalent to 20 mg.K./ 100 nil.). With 
a visual colorimeter the calculation § x 20 will 
give the result in mg./ 100 ml. 

Results 

Table I gives a few of the results obtained using 
this method, my original method, and that of King 
and others (1942). 

TABLE I 

COMPARISO.N OF RESULTS OF K IN SERUM BY THE METHOD 
OF KING AND OTHERS ANTJ OUR .METHODS 


King 

K3Ag.Co;Na(NOdi5 method 

Mg.;i00ml. 

i 

1 Original method 

New method 

1 mg./lOO ml. 

mg.;i00 ml. 

18.0 1 

21.0 

19.5 

25.3 

26.6 

26.6 

24.1 

24.0 

25.0 

18.0 

19.0 

20.7 

27.0 

25.6 

26.3 

20.4 1 


21.6 

20.6 i 

21.3 

21.6 

19.2 

21.6 

19.8 

19.0 

17.0 

18.0 

40.0 

41.0 

4"' 0 

(HaemoK-sed i 
scrum) 

1 

1 

i 
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Composition of Compound 

Samples of the potassium silver cobaltinitritc 
compound were prepared from known amounts of 
potassium nitrate, dried at 100° C., and weighed. 
Separate quantities of the compound so prepared 
were then ‘ analysed for potassium, silver, cobalt, 
sodium, and nitrite, and Tables II and III show the 
results obtained. The analytical methods used are 
indicated in the appendix. 

TABLE II 


MOLECULAR WEIGHT OF COMPOUND FORMED 

(Assuming molecule contains 3 atoms K) 


KNOa taken 

Compound 

formed 

Molecular 

weight 

0.2636 g. 

0.S695 g. 


1020 

0.0188 g. 

0.0638 g. 


1028 


TABLE III 



COMPOSITION OF COMPOUND 

Constituent j 

Estimated (%) 

Calculated (%) 

K 1 

10.94 


11.40 

Ag ' 

20.1 


21.05 

Co 

12.0 


11.50 

Na 

2.2 


2.24 

NO. 

52.8 


53.80 


The results found by experiment and by 
calculation are in sufficiently close agreement to 
substantiate the view that the formula 
KjAgoCOjNafNOjIij with a molecular weight of 
1026 is correct. 

Discussion 

The method presented is quick and reliable, and 
can be performed on 0.2 ml. quantities of serum. 


If much less scrum were used the amount of 
precipitate would be so small that any losses 
during ccntrUugation would cause a relatively 
large error. 

The final pink colour is very easy to match and 
the method involved is an extremely delicate one 
for the estimation of nitrite. 

Summary 

A method for the estimation of potassium in 
small amourits of scrum is described. 

The potassium silver cobaltinitritc compound 
formed has been shown to have the formula 
K.,AgXo,Na(NO.,),,. 
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Appendix 

ANALYTiCAL METHODS USED 

• 

King, 1946. Mkro-Analysls in Medical 
^ Biochemistrr, Churchill, London. 

]. Gravimetrically as C0SO4. _ ' . 

2. Colorimctric.'illy with choline chloride 
and sodium ferrocyanidc (King, iSl®- 
Micro-Analysis in Medical Biochemistr)', 
Churchill, London). 

1. GravimctricallyasAgCI. 

2. By titration with thiocyanate. 

Application of Bratton-Marshall sulphon- 
amidc method, as used^by Hoagland to 
determine nitrite. , ■ 

Potassium : From titration of silver with thiocyanate. 

Sec original paper (Cumings, 1939) for 
rationale. 


Sodium : 
Cobalt : 

Silver : 
Nitrite'j 
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THE ENUMERATION OF BLOOD PLATELLTS 

BY 

H. S. BAAR 

(received for publication, JANUARY 6, 1948) 


The platelets of human blood can, with reference 
to their fragility, be divided into two groups. The 
first group comprises the -smallest platelets with 
ver>' high fragility described for the first timeTiy 
Floessner (1922). In the second group are the 
medium-sized and large platelets which have a 
higher degree of resistance and show in normal 
individuals a typical curve of disintegration (Baar 
and Szekely, 1929). The existence of the first group 
was questioned by Hartmann (1932), who regarded 
the tiny platelets as fragments of normal blood 
cells. Steinmaurer (1932) was, however, able to 
demonstrate by a special method this type of 
platelet in stained films (compare also Juergens, 
1934). Apart from these platelets of normal people, 
there ar.e alsor pathological giant forms (found 
especially in thrombocytopenic purpura) and 
exceptionally highly resistant pathological micro- 
platelets. The latter form was seen by Baar 
(1934) for a short period in a case of essential 
thrombocytopenia. 

Corresponding to the two main types of plate- 
lets the technical methods for their enumera- 
tion may be divided into two groups. Thus the 
methods of Floessner (1922), Boshammer (1926), 
Juergens (1934), Steinmaurer (1932), Cumings 
(1933), and Olef (1935) permit the enumeration 
of all platelets, and the number found in normal 
individuals by these methods is 700,000 to 900,000 
per c.mm. All these methods, however, are very 
laborious and unsuitable for routine laboratory 
work. Moreover, up to date no pathological con- 
ditions are known in which only the number of 
the most fragile platelets is decreased or increased 
without corresponding changes in the other groups 
of platelets. TTie much simpler methods of the 
second group supply us, therefore, with sufficient 
information. These are either indirect, in which 
the number of platelets is calculated from their 
relation to red blood corpuscles in stained films 
(Fonio, 1912) or in wet preparations (Cramer and 
Bannerman. 1929 : Damashek, 1932 ; Leitner. 1935 ; 
Ladewig, 1935) ; or direct, in which the platelets 
arc counted in a counting chamber (Spitz, 1921 ; 
Langmeyer, 1918 ; Kristenson. 1924 ; Tocantins, 
1937 ; Wintrobc, 1946). The enumeration of plate- 
lets in Giemsa-stained films has the advantage that 


the morphology of platelets can be -studied at the 
same time ; it is, however, too time-consuming for 
routine work. The counting chamber methods 
have, on the other hand, various drawbacks. 
In some (Gutstein, 1932 ; Lenggenhager, 1936 ; 
Tocantins, 1937 : Wintrobe, 1946) the platelets are 
counted in the presence of red blood corpuscles, 
which necessitates a comparatively high dilution ; 
in others, agglutination and disintegration of plate- 
lets are not suflficiently suppressed. The latter 
objection applies also to a method described by 
the present author (1928) which is a combination 
of the methods of Kristenson and of Langmeyer. 
Reliable, results are obtained only if the sample is 
counted immediately after collection. In addition, 
the diluting fluid deteriorates rapidly in spite of 
the presence of mercuric chloride, and loses its 
haemolytic property. Attempts were therefore 
made to replace urea by another more stable 
haemolytic substance, and at the same time to 
inhibit the disintegration of platelets. Saponin 
was found suitable for the first purpose. It has 
high erythrocvtoKlic action even ‘in the smallest 
concentrations. An alteration of platelets, how- 
ever, can also be noticed. In high concentrations 
they become dissolved in a short time. In medium 
concentrations the red cells are dissolved immedi- 
ately ; at first the platelets remain preserved, but 
after some minutes they lose their high refraction 
of light, become shadow-like, and finally disappear. 
In a concentration of 0.025 g. per 100 ml. the 
erythrocUcs are quickly haemolysed while the 
platelets remain practically unaffected. A simple 
substitution of saponin for urea in Kristenson's 
fluid proved, however, impracticable because of the 
formation of numerous precipitates in the presence 
of saponin, mercuric chloride, and brilliant cresyl 
blue. Some of these precipitates can easily be dif- 
ferentiated from platelets and removed by filtra- 
tion. Others, however, are spherical, pale blue, 
highly refractile, and can easily be mistaken for 
platelets ; and it was impossible to remove these 
precipitates by filtration. This difficulty was over- 
come by the use of formaldehyde as p.-cscnatisc 
and fixative. Formaldehsdc has a "tanning'* 
action on the cell membranes. It thus presents 
the disintegration of platelets, but owinn to the 
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same property it counteracts the crythrocytolytic 
efl'ect of saponin. 

Method 

A concentration of saponin and formaldehyde was 
finally found in which the red blood corpuscles arc 
promptly haemolysed without the platelets being 
affected. 

Saponin (B.D.H.) 0.25 g. 

Sodium citrate 3.5 g. 

Concentrated solution of formal- 
dehyde (40%) 1.0 ml. 

Brilliant cresyl blue 0.1 g. 

Distilled water to 100.0 ml. 

, The solution must be filtered once after preparation 
and remains unchanged for many months. The above 
.formula is valid for the B.D.H. saponin only. For 
•other saponins the proper concentration of saponin 
and formaldehyde can easily be found empirically, 
bearing in mind the above-mentioned action of these 
two substances. 

For the enumeration of platelets a white cell pipciic 
is used. The counting fluid is first sucked up to the 
mark 0.6, followed by blood from a finger-prick up 
to the mark 1.0 and counting fluid again up to the 
mark 11. The pipette is vigorously shaken for about 
3 minutes immediately after collection and again 
before the counting chamber is filled. The enumera- 
tion can be done either immediately after collection 
or even several hours later without_a change in the 
result. The platelets are easily recognized in the 
counting chamber by their light refraction and faint 
blue colour. No red blood corpuscles should be seen 
in the chamber., A high-power dry objective is used. 
When counting, the fine adjustment of the microscope 
must be continuously moved with wide excursions be- 
cause the platelets are evenly distributed throughout 
the whole depth of the chamber (0.1 mm.). In cases 


with normal numbers of platelets it is suflicicnt to 
count half a square millimetre, but with thrombo- 
cytopenia the whole chamber or even both sides of 
a Buerker chamber should be counted. The dilution 
is 1 in 25, and the number of platelets in one square 
millimetre has therefore to be multiplied by 1,000 and 
divided by 4. The white blood cells are well stained 
and can be enumerated at the same time. Heparinized 
blood cannot be used. 

Although no known method for enumeration of 
blood platelets can claim to be ideal, the present 
method has proved to compare favourably with many 
others which have been ‘tried, so far as quickness and 
reliability arc concerned. It has now been used for 
many years by junior technicians at the Children's 
Hospital, Birmingham. 


1 wish to thank Prof. J. M. Smellic for his interest 
in this work. 
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MODIFICATIONS OF THE WEINBACH METHOD FOR THE DETER- 
MINATION OF SODIUM IN SERUM 

' ' BY 

F. S. FOWVEATHER AND W. N. ANDERSON 
Department of Chemical Pathology, University of Leeds 

(RECEIVED FOP. PUBLIC.1TION. FEBRUARY, 1948) 


The Weinbach (1935) method, based on that of 
Barber and Kolthoff (1928, 1929), involves the pre- 
cipitation of sodium as the triple salt uranyl zinc 
sodium acetate in the presence of alcohol, and sub- 
sequent titration of this salt with sodium hydroxide, 
using phenolphthalein as indicator. We have found 
the end-point of the titration to be unsatisfactory, 
and have preferred colorimetric methods for this 
part of the determination. The colorimetric pro- 
cedure. described by McCance and Shipp (1931), 
which depends on the colour produced by the addi- 
tion of potassium ferrocyanide to a solution of the 
uranyl zinc sodium acetate in the presence of a 
small quantity of acetic acid, was found reasonably 
satisfactorj' so long as we used visual colorimetry, 
and compared the solution to be determined with 
a standard solution similarly treated, at the same 
time. When, later, we began to use photo-electric 
methods, difficulties arose owing to the rather rapid 
changes which take place in the intensity of the 
colour produced by this method. Indeed, the adop- 
tion of modern methods of colour measurement 
which do not involve direct comparison of two 
solutions made up under similar conditions at the 
same time has brought to light greater degrees of 
instability of many coloured solutions than were 
at first recognized. King and Gamer (1947), for 
instance, have drawn attention to the fading of the 
blue" colour of the solution used in many blood- 
sugar methods — a phenomenon which was immedi- 
ately evident to us when we abandoned the usual 
'isual colorimetric method for evaluating these 
solutions. 

The change which occurs in the sodium deter- 
mination by the ferrocyanide method is indicated 
in the Table, which gives the readings obtained 
on the same solution at different time intervals 
after adding the ferrocyanide ; the instrument used 
is the Spekker photo-electric absorptiometer. 


TABLE 

Variation of spekker readings wtth time, follow- 
ing addition of potassiu.\i ferrocyanide to 
SOLUTION of triple ACETATE IN PRESENCE OF ACETIC 
ACID 


Time (minutes) 

j Spekker reading 

3 

i 0.359 

8 

I 0.367 

13 

1 0.377 

18 

1 0.388 

23 

i 0.406 

28 

! 0.427 

1 


In view of these changes we decided to examine 
the method described by Darnel! and Walker (1940). 
In this method the precipitated uranyl zinc sodium 
acetate, after suitable washing, is dissolved in water 
and treated with 5 per cent siilphosalicylic acid 
solution and 10 per cent sodium acetate solution. 
A clear, bright yellow solution results which we 
found to be very' stable, arid the curve given by- 
readings with the Spekker instrument with sodium 
solutions corresponding to serum sodium concen- 
trations over the range likely to be found in human 
blood was a straight line. The method has been 
in use here for some time and has proved to be 
very satisfactory. 

More recently Bradbury (1946) has published a 
useful simplification of the uranyl zinc acetate 
procedure. He measured the colour of the super- 
natant fluid after the precipitation of the triple 
acetate, and so determined the reduction of colour 
produced by the precipitation: this reduction of 
colour was proportional to the amount of sodium 
present 4n the solution examined. This modifica- 
tion cffecLs a useful saving of labour compared 
with earlier procedures, and. moreover, it avoids 
possible losses, cither mechanical or by solution in 
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washing fluid, which are associated with the wash- 
ing process. 

We have found it necessary to make certain 
alterations in the procedure recommended by 
Bradbury. We have found that, with the quan- 
tities of reagent and alcohol recommended by him, 
precipitation of the triple salt is by no means com- 
plete in the twenty to thirty minutes he specifics. 
We have increased the proportion of alcohol and 
generally varied the volumes of fluids used so as 
to get complete precipitation, and at the same time 
to have readings of the colour of the supernatant 
fluid which shall give the most convenient range 
with the Spekker instrument when applying the 
method to serum sodium determinations. Even 
with the increased proportion of alcohol wc find 
it necessary to let the mixture stand for two hours 
in the refrigerator at approximately 3° C. to ensure 
complete precipitation. The readings we have 
obtained with sodium solutions corresponding 
to serum concentrations of 200 to 400 mg. per 
100 ml. fall on a straight line. 

The full details of the method we use are as 
follows : 

Method 

To 1 ml. of serum add 1 ml. of water and \ ml. of 
20 per cent trichloracetic acid solution. Mix and 
allow to stand for 10 minutes ; filter. To 1 ml. of 


filtrate in a small conical flask add 2 'ml. of the 
Wcinbach uranyl zinc acetate reagent,' 3 ml. of 
absolute alcohol, and 2 ml. of water. Mi.x 
thoroughly ; stopper the flask, and allow it to 
stand in the refrigerator for two hours. Centrifuge 
the contents of the flask and determine the colour 
of the supernatant fluid in the Spekker photo-electric 
absorptiometer. using the Ilford violet filter 601. 
Subtract the Spekker reading of this fluid from the 
reading obtained with a similar mixture except th-at 
I ml. of water replaces the 1 ml. of filtrate, and obtain 
the sodium content of the scrum by reading off the 
difference on the curve obtained by plotting the 
differences obtained from a series of standard sodium 
solutions. 
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^Prcpnratlon of ( I 'einbneh's iironyl-zine-acetale reagent. Soliilion A : 
77 g. of uranyl acetate and 14 ml. of glacial acetic acid arc dissob ed 
with gentle heating and stirring in 400 ml. of water, and volume nttide 
up to 500 ml. in a volumetric flask. Solution D: 231 g., of zjne 
acetate and 7 ml. of glacial acetic acid are dissolved by gentle hetiting 
and stirring in 400 ml. of water, and volume made up to 500 ml. in 
a volumetric flask. The two solutions arc mi.xed while hot, alloned 
to stand Iwcniy-rour hours or longer, and filtered. 


INTERNATIONAL SOCIETY OF HEMATOLOGY 


The International Society of Hematology will hold 
its biannual meeting at the Hotel Statler, in Buffalo, 
New York, from August 23 to 26, 1948. The follow- 
ing time has been tentatively allotted for symposia 
and presentations: half a day on general subjects, 
including radioactive and stable isotopes in haemato- 
logy, half a day for problems and diseases related to 
the red cells, half a day for problems and diseases 
related to white cells, one day for immuno-haemato- 
logy, Rh-Hr (CDE-cde) antigens and antibodies and 
haemolytic anaemias, half a day for coagulation prob- 
lems and haemorrhagic diseases, and half a day, for 
the business meeting. ' 

Applications for the presentations of scientific 
exhibits are now being received by Dr. O. P. Jones, 
Department of Anatomy. University of Buffalo, 
Buffalo. New York. Chairman of the Programme 
Committee is Dr, Ernest Witebsky, Buffalo General 
Hospital, Buffalo, New York. 


Dr. Eduardo Uribe Guerolo, Leibnitz 212, Nueva 
Colonia Anzurez, Mexico. D.F., is in charge of the 
programme from South and Central America, and 
Sir Lionel Whitby, University of Cambridge, England, 
is in charge of arrangements for the programriie from 
Europe. Communications concerning applications for 
the programme will be received by the above-named 
committee men. 

All scientific sessions and exhibits will be open to 
scientists interested in haematology. This will, of 
course, include members of the medical profession 
and those branches of science dealing with haemato- 
logy, such as biochemistry, biophysics, genetics, 
immunology, etc. 

Communications from interested haematologists in 
the United Kingdom, and applications concerning 
membership, should be sent to Dr. Robert R. Race, 
Lister Institute, Chelsea Bridge Road, London, S.’VV.L 
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The Bicliground of Thrrap u i:s. By J. Harold Bum. 
Geoffrey Cumberlege, Oxford University Press. 1948. 
Pp. 367. Price 22s. 6d. 

TTiis is not merely another book on therapeutics, but 
an attempt to describe the scientific background to 
recent therapeutic advances. The author is therefore 
frequently involved in discussions on bacteriology, as in 
the excellent review on methods of sterilization, and on 
chemistry, biochemistry, and pathological processes ; all 
of which are in a clear style which is simple and easy to 
follow. 

The author, in the preface, states that the work was 
undertaken after impressions, gained in America, of the 
importance placed in that country on laboratory and 
experimental work, and their value in impro\'ing diag- 
nosis and treatment. He has used mainly British work 
as his basis, and has provided many British references in 
the hope that “ Americans may learn of some of the 
work done in this country' which ou^t to be more 
widely known.” His approach to clinical research, 
which shows a full understanding of laboratory methods, 
will be_ found very acceptable to pathologists. It is 
clearly impossible to cover all the modem views on many 
varied subjects in 340 pages, but the condensation is on 
the whole,admirably done. There are, however, several 
chapters which may well be recast in a future edition. 
The order of chapters might with benefit be arranged, 
so that disinfection, for example, is not squeezed between 
thyroid and allergy. The compound chapters are not all 
suitably chosen; for example a chapter dealing w'ith 
plasma proteins and their place in cirrhosis of the liver 
ends up Mth the treatment of heart failure with digitalis. 

There is an excellent half<hapter on iron metabolism, 
and it is hoped that in a new edition this will become the 
basis of a discussion on the therapeutics of the anaemias, 
instead of ending \vith a short discourse on calcium 
metabolism. The outstanding omission is, in fact, the 
absence of a review on blood and blood products in 
therapeutics, particularly as so much work on these 
subjects has been done in this country. 

Clinical pathologists will be delighted to find, in a 


book written- for clinicians, so many of the recent 
adrances in investigational and experimental pathology 
which w'ill give their colleagues an appredation of the 
newer trends involving laboratory investigations, many 
of which will in the near future be in everyday 
demand in the control of modem therapeutic measures. 

A. GORtrON SiGNY. 


Catalogue of Medical Films. Compiled by the 
Royal Society of Medicine and the Scientific Film 
Association. Published bv ASLIB, 1948. Price 
7s. 6d. 

Those of us who know anything of the history 
of this jointly compiled catalogue have impatiently 
awaited its appearance. Now that it is available many 
will appreciate it and will realize that a document of 
this nature has been much needed in the past. 

In this booklet are to be found the titles of some 
eight hundred films of medical interest, and although 
a good deal of space is devoted to an elaborate cross- 
inde.xing of these titles the net result is that films 
may be located numerically, generically. or alpha- 
betically. In addition to this, details are given of 
some two hundred of these films; such details, how- 
ever. are descriptive and not critical. This is perhaps 
disappointing, but the difficulties in the way of ade- 
quate appraisal must be considerable. It seems that 
we have not yet reached American standards in this 
respect ; the American College of Surgeons have 
already laid down some criteria of medical film 
appraisal. Critical review, however, sometimes ,dis- 
courages the previewing of films by the teacher iTim- 
self ; this in turn leads to misuse and then to discredit. 

The majority of those who refer to this work will 
be amazed at the wide choice of subject material, and 
it will now seem as easy to arrange a programme of 
films for an informal meeting as to select a single 
available film for the illustration of a specific lecture. 

R. J. V. Plxvertaft. 


.ASSOCIATION OF CLINICAL PATHOLOGISTS 
COMPETITION FOR THE DESIGN OF A PATHOLOGICAL DEPART.MENT 


The Association invites entries from interested indi- 
viduals (e.g.. pathologists, technicians, architects, and 
others) for this competition. Entries by two or more 
competitors jointly, will be permitted. The essay 
should include a description and plans for a depart- 
ment of pathology to serve a population of 200.000 
to 300.p00. and providing; clinical pathology for an 
‘ area ” or ” group " hospital and for general practi- 
tioners of the area, including domiciliary service ; 
bacteriology for authorities in public health. 

The following subjects and aspects of work should 
be surveyed ; clerical and record services : amenities 
for patients and staff : bacteriology : biochemistry : 
haematology ; morbid histology ; morbid anatomy 
(including coroner's work and comprising post-mortem 


room and mortuary, not necessarily within the same 
building as the rest of the department). The com- 
petitor should describe and give detailed plans of type 
of building and layout of accommodation and should 
consider light, heat, ventilation, other systemic ser- 
vices. and the attributes and type of material used in 
building and in internal fixtures and fittings. 

There will be first, second, and third prizes of 
respective values £50. £30. and £20. The competition 
will remain open until May I. 1949, by which datc- 
all entries should have bcenl sent to the’ Hon. Secre- 
tary. Association of Clinical Pathologists. The Royal 
Infirmary, Worcester. The plan will remain the pro- 
perty of the competitor, but a copy of the pla.n and the 
accompanying essay will rc.main with the Associatio.n. 
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BACTERIOLOGY 

‘ Aerosporin” ; an Antibiotic Produced by Bacillus 
cterosporus Greei\ Ains\vorth,G,C.,Bro\vn, A. M 
and Brownlee, G. (1947). Nature, Loud., 16^ 263: 
An antibiotic for which the name '‘aerosporin” is 
isolated from a Gram-positfve spore- 
rhvf® identical with that isolated by Greer from 
Chicago tap water and called Bacillus aciosponis. Tlic 

Vnri^h^ isolated both from Surrey and 

Yorkshire soil^, and can be extracted by methods ^milar 

aRafn'sfGram^'’^ streptomycin. It shows selective action 
cf* °^8anisms, particularly Bacterium 

util pertussis, and Salmonella tvphi, as 

^''t'cella bronchiseptica. It is stated to be 
action, and weight for weight to have the 
r Gram-negative as penicillin 
Gram-positiyc organisms. Resistant strains 
could not be obtained by culture methods. R. Wien. 


Stahslv, 
J. (1947). 


Polymyxin : A New Chemotherapeutic Agent. 

P. G. Shepherd, R. G.. and WHiii H. 

Bull. Johns Jfopk. Hasp., 81, 43 . 

This antibiotic, specific for Gram-negative h^cfe^;^ 

Gyuec. Obsfet., 85, 107. Mag. 

by^ItmptomS^ infections treated 

pathological alfections''onhe kidL^especiiilyTvdro’ 

responded W=iu7' Aiof 

Guy Blackburn. 

A Streptomycin Sensitivity Test. Mathew-s a r- 
- Shelton, M. L. (1947). 4/ed/. A 2;387. ’ 

•suiiibilify of^the’^Sium! eS'or«H 

reproducible results. ’ dcsciibe a method giving 


A Method for Determining Sensitivity to Penicillin and 
Streptomycin. Hoyt, R. E., and Levine, M. G. (1947). 
5ctc/;cc, 106, 171. 

autliors have devised a method of sensitivity 
termination which obviates the use of a sterile tech- 
nique and empioys compressed tablets of penicillin and 

60 mg. each. The penicillin 
tablets contain approximately 1 , 0.5, and 0.1 Oxford 
oni streptomycin tablets contain 1, 0.1, and 

tu’itR The agar plate is heavily streaked 

I • tested, and the tablets arc 

position with forceps. Such material as 
and infected body fluids can be tested 
Pf'^'i’^iinarj’ subculture. The plates arc 
is growth of the organisms 

s sulhcicntly advanced to show sensitivity or resistance. 

R, Wien. 

^^PeniVliiiyi' *^ a TeptospiraXo 

J. A. H., and 

Vincent, E. (1947). /. Path. Pact., 59, 247. 

made la vitro of the sensitivity to penicillin 

lenincmr^f^^ single strains of 23 other species of 
mvrm^c °ifi ^,^^E)pean and Oriental origins. Streplo- 
bu penicillin deteriorates on incubation, 
nr rhr- of the penicillin was estimated at the end 

hv found to have diminished 

Growfh'^wnl *? original strength. 

mimhor rnarkcdly diminished in all cases and a 
ctsTs^ oAmVar 'Completely inhibited. In most 

than srneptomjcim" 'coo'centration 

A fo the Pharmacology and 

Anhbacferial Activity of Penicillins X, G, Dilivdro F, 

w r,^-’ SCHHLTZ, S.. and McDer- 

mott, w. (1947). J.Bact., 53, 581. 

penicillins the degrees of reduction 
were ^cy serum and albumin 

bindine tn direct proportion to the degrees of 

'‘The mnci ®obstanccs as demonstrated by dialysis. 
that E^t/onalization of these data is 

degree tn POO'^dlins bind in vitro to a varying 

Sing HAniV sorum, and that the 

antibacterkal TSy.” ‘complex has little or no 
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The authors consider other possible explanations of 
their findings ; examine evidence to suggest that binding 
of i^nicillin to protein occurs also in vivo; and say that 
their finding that penicillin sensitivity is different in 
different concentrations of serum may have an important 
•bearing on the usual methods of assay of penicillin in 
serum.' 


A Study of the Absorption and Excretion of Oral Penicillin 
in Children. Markowitz^ M., and Kuttner, A. C. 
(1947). J.Bediar., 31, 195. 

It has been shown that gastric acidity is probably not 
a major factor in the destruction of orally admim'stered 
penicillin and that the presence of food in the stomach 
influences penicillin absorption. The authors report 
their study on the absorption and excretion of oral 
penicillin as part of an investigation to determine its 
value as a measure for the prevention of .streptococcal 
upper respiratory infections in rheumatic subjects, and 
conclude that oral administration of penicillin is a 
satisfactory procedure in children provided the drug is 
given under fasting conditions. A. G. IVatkins. 

The Effectiveness of Mefachloridine in Suppressing Natural 
Infcctioiis v/HhPlasniodiam malariaearA P.faleiparttm 
-in British Guiana. Kenney, K., and Brackett, S. 
(1947). Amer. J. trap. Med., 11, 493. 

The suppressive effect of metachloridine on infections 
with P. malariae and P.fakiparvm was tested in school- 
children of a malarious district of British Guiana; 
infections with P. vixax were too scarce to be included. 
P. malariae was found in only one blood film in the 
treated group, while 35 controls showed the presence of 
parasites. Fifty days after the end of treatment, however, 
there were 10 infections in the treated group and 23 in 
■ the controls. The effect on P. falciparum was much less, 
and it was necessary to double the dose. P. falciparum 
was found in 20 blood films of the first group and in 33 
of the controls, and in 17 treated with the double dose 
compared with 60 controls. No toxic effects of meta- 
chloridine were seen in any of the trials. 

Streptohaeillns moniliformis Bacteremia with Minor 
Clinical Manifestations. Levine, B., and Cr\TN, W. H. 
(1947). Arch, intern. Med., 80, 53. 

A case of rat-bite fever caused by Sireplobacillus 
moniliformis is described. The clinical phenomena 
include an incubation period of a week, fever, fleeting 
arthralgia, a rash, and very little local inflammation. 
Penicillin is curative. G. F. Walker. 

Cultiralion of Tubercle Bacilli from Gastric Juice. A 
Study of the Factors affecting the Cultiralion of 
Mycobacterium tuberculosis from Gastric Juice. 
V'INCENT, V., and Birge, E. A. (1947). Amer. Rev. 
Tuberc., 55, 556. 

The authors show that the survival of the tubercle 
bacillus depends on the acidity of the gastric juice; the 
more acid the specimen the shorter the survival time. To 
eliminate false negative reports gastric sf^imens should 
be examined immediately. NMicn this is not possible, 
neutralization of the sample by the addition of sterile 
N;10 NaOH until the pH is 6.5 to 7.0 will allow the 
tubercle bacillus to live for several days. 

R. J. Lumrden. 


Aetiology and Pathogenesis of Vincent’s Angina and of 
Ulcero-niembranous Stomatitis. (Zur Aetiologie und 
Pathogenese der Vincent’sehen Angina und der 
Stomatitis ulceromembranosa.) Melczer, N. (1947). 
JDermatologica, 94, 13. 

The author demonstrated elementary' bodies in smears 
from 26 cases of Vincent’s angina. Animal inoculation 
with material from the lesions was negative, but 70% of 
the human cases reacted to intradermal injections. 
Bacteria-frec filtrate of exudate mixed with bacterial 
suspensions caused phagedena-like ulcers. It is con- , 
eluded that rirus plus bacteria are responsible in 
symbiosis in the lesions. 


Pathogenic Mechanism of Infective Phlebitis and the . 
Genesis of Septicaemia. (Le me:mnisme pathogeni- 
que des phlebites infectieuses et la gerese des sep- 
ticemies.) Reilly, J., and Grislain, J.-R. (194'7). 
Ann. Med., 48, 113. 

The authors, struck by the failure to produce phlebitis 
experimentally by the intravenous injection of organisms, 
decided to use the approach from the adventitia. They 
conclude that bacterial toxins and various soluble 
products of tissue breakdown can reach a vein from 
without, alter the endothelium, and so lead to thrombus 
formation. Any organisms circulating in the blood are 
entrapped in this thrombus. Thus an intravenous dose 
of organisms which in the healthy animal would be 
without apparent effect leads to infection of the thrombus 
and proliferation therein. The subsequent changes 
depend on the proteolytic activity; of the organism used; 
if this is slight, further thrombosis occludes the infected 
portion, and after a brief bacteriacmia the blood remains 
sterile;' if the organisms cause disintegration of the 
thrombus, then the progression is to pyaemia and fatal 
septicaemia. A. C. Lendnan. 


Factors Influencing the Red Cell Agglutination-inhibitive 
Reaction in Influenza and their Application to the 
Diagnostic Test. Whitsun, L. (1947). J. InvtumoL, 
56, 167. 

Though a considerable number of modifications have 
been 'made to the original red<cll agglutination test for 
influenza, the author considers that a need exists for a 
standard procedure simple enough to permit its wide- 
spread employment. He describes such a procedure. 
The PR 8 strain of influenza A virus and the Lee strain' 
of influenza B virus were used in all experiments. 

F. O. MacCallum. 


Experience with Vaccination Against Influenza in the 
Spring of 1947. A Preliminary Report. FRAsas, 
T., Salk, J. E.. and Qltlligan, J. J. (1947). Amer. J. 
publ. Rlth, 37. 1013. 

Anticipating an outbreak of type-A influenza in the 
winter of 1946-7, the authors vaccinated 10.328 students 
with a vaccine having a red-cell agglutinating litre of 
5120. 7615 students acted as cont.-ols. E.rccl'eni 

antibody responses were obtained, but investigations of 
the febrile illnesses showed no significant differences in 
the incidence of respiratory' disease between the vac- 
cinated and unvaccinated groups. 
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Early Immunization against Pertussis. Adams, J. M., 

Kimdall, a. C., and Adams, F. H. (1947). Amcr. J. 

Dis. Child., lA, 10. 

The authors conclude that pertussis immunization in 
the first six months of life is a safe, practical, and desirable 
procedure. Reactions to inoculation were negligible. 
The weekly inoculations gave rapid agglutination res- 
ponse. It remains to be seen whether the titre level can 
be maintained by giving antigen at monthly intctvals 
during the early months of infancy. 


Aetiology of Typhoid Osteitis in Children Confirmed by 
Bone-marrow Culture, (Etiologia do las osteitis tificas 
en el nine comproba^a por cl miclo-cultivo.) Jaure- 
Guy, M. A., and Simon, G, (1947). Arch. Pediat. 
Uruguay, 18, 298. 

The authors found bone-marrow culture for diagnosis 
of typhoid fever so useful that they performed a Widal 
test, blood culture, and marrow culture as a routine. 
Out of 162 cases examined, 9 remained with persistently 
positive bone-marrow cultures. 


Studies in the Pathogenesis of Rheumatic Fever. The 
Antistreptolysin Titre in Acute Tonsillitis and Rheumatic 
Fever. (In English.) Winblad, S., Malmros, H., 
and WiLANDER, O. (1947). Acta itwd. scaiid., 196, 533. 

The investigation of antistreptolysin titre of 71 cases 
of acute tonsillitis was made serially using Jpsen's 
modification of Kalbak’s method. Readings of over 
200 weie considered to be raised, and 52 cases showed 
some such elevation. Of the 14 who developed rheumatic 
complications, 12 had an initial titre of 140, and 9 a litre 
of 200 or more, suggesting previous infections with 
haemolytic streptococci. 


Smear and Culture Diagnosis in Gonorrhoea. McLeod, 

J. W. (1947). Brit. J. vciier. Dis., 23, 53. 

In a series of 275 _cases of suspected gonorrhoea in 
which 50% of the combined smear and culture results 
were positive, 42% of the cultures were positive against 
'29% of the smears; the cultures from the cervix and 
urethra were both positive in 22%, whereas only 7% of 
smears were positive from both these sites; from the 
urethra alone, the cultures were positive in 32% against 
24% of positive smears ; and the cervical cultures alone 
were positive in 33% against 16% of positive cervical 
smears. These figures show that diagnosis by culture is 
superior to that by smears and that the percentage of 
error is lessened when both methods are used together. 

The author draws attention to Stuart’s method 
{GlasgoH' med. J., 1946, 27, 131) of keeping gonococci 
under conditions of reduction and so preventing the 
oxidation which, with drying, is lethal to them. 

T. Amryi-Daries. 


The Laboratory Diagnosis of Leprosy. McDonald, S. 

(1947). Trans. R. Soc. trap. Med., 40, 451. 

Laboratory' methods of confirming a clinical diagnosis 
of leprosy comprise; (o) the examination of skin smears 
stained by the Ziehl-Neelsen method, which is especially 
suitable for lepromatous and major tuberculoid forms; 
(A) the lepromin test; (c) Wassermann and Kahn tests; 
(d) skin biopsy. 


BIOCHEMISTRY 

Insulin Resistance. Anelrod, A, R., Lobe, S., Ortcx, 
J. M., and Myers, G. B. (1947). Ann. intern. Med., 
27, 555. 

Insulin resistance has occurred in conditions favouring 
the dcstniction of insulin in the body, particularly 
associated with abnormal leucocyte activity. Investi- 
gating 3 cases of spontaneous insulin resistance, the 
authors found no evidence of an insulin antagonist in 
the sera of their patients. Whilst the aetiology remains 
unknown no specific therapeutic measures arc available. 
Single large doses are recommended in treatment, rather 
than repealed smaller doses, and glycosuria and acidosis 
may require as much as 1,000 to 5,000 units of insulin. 


Scrum Potassium, Magnesium, and Calcium Levels in 

Diabetic Acidosis, Martin, H. E., and Wertman, M. 

(1947). J. din. Invest., 26, 217. 

The changes in the levels of serum potassium, mag- 
nesium, and calcium were studied in 14 patients, aged 12 
to 69 years, undergoing treatment for severe diabetic 
acidosis. The blood-sugar levels varied between 2S5 and 
1,029 mg. per 100 ml. and the insulin requirement in the 
first 24 hours between 1 10 and 1 ,000 units ; large amounts 
of fluid (4 to 12 litres) were given parentcrally in the first 
24 hours. There was a marked fall in the scrum potas- 
sium in 46% of patients; critically low smlucs (1.9 and 
2.IS millicquivalents) were found in some. The minimum 
was usually reached after 12 to 24 hours. No constant 
correlation between total calcium concentration and 
ionized calcium was found. A marked fall in the semm- 
magnesium concentration was seen in 36% of the patients 
during treatment; concentration returned to normal 
very slowly. It is suggested that potassium and magne- 
sium salts should be given as adjuvants to therapy, but 
this is contraindicated in patients in shock and with' 
decreased renal function, because dangerously high blood 
levels may be produced. A. Schott. 


Carbohydrate Metabolism in the Undernourished. (Der 
Kohlehydratstoffwechsol bei Unteremahrten.) Gul- 
zow, M. (1947). Z. ges. inn. Med., 2, 91. 

The first part of this paper is a study of 45 cases of 
inanition, mostly with oedema, 25 of which were fatal. 
Hypoglycaemia was marked and sugar-tolerance tests 
always gave a poor response with a flat cuia'c and a v'ery 
low and delayed peak. After about 1 month on an 
ample diet in hospital injections of adrenaline and insulin 
gave normal responses. 

A further study was made in order to ascertain the 
site of the metabolic lesion in starvation, and the observed 
failure of the tissues to assimilate sugar is attributed to 
damage to cell enzymic processes and to diminution in 
hormonal action, especially insulin insufficiency.' 

The Effect of Ingested Mineral Oil on Plasma and Afitaniin 
A. Alexander, B., Lorenzen, E., Hoffmann, R., 
and Garfinkel, A. (1947). Proc.Soc. e.vp. Biol., M T-, 
65, 275. 

Continued ingestion of mineral oil as such or in the 
form of mayonnaise dressing by 20 subjects on a normal 
unrestricted diet resulted in a moderate decrease in plasma 
carotene concentration. Vitamin A levels remained 
unchanged. It is concluded that simultaneous ingestion 
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of mineral oil with food prevents substantial amounts 
of food carotene from entering the body. — [Authors’ 
summary.] 

A Study of Thiamine in Paediatrics. (Studie o thiaminu 
V pediatrii.) Houstek, J. (1947). Cor. Lek . £ es ., 86, 
1006. 

Present methods of vitamin Bi estimation are reviewed. 
Although physico-chemical methods with thiochrome are 
most often used, the 'author prefers Schopfer’s micro- 
biological technique because ofits specificity andaccurac>'. 
It is based on the fact that Phycomyces blakesleeanus 
requires thiamine for growth but is unable to synthesize 
it. 

Breast-milk seems the only source of thiamine for the 
infant. Synthesis of thiamine in the intestine is doubtful. 
Breast-milk of 233 mothers of all classes had a vitamin 
Bx content of 15 to 19 /ig. per 100 ml. Some differences 
were encountered in various age groups. Colostrum is 
free from vitamin Bj. The vitamin content increases 
from 13.8 ;ig. per 100 ml. in the first week of lactation to 
20.2 fig. per 100 ml. after the second month. Saturation 
of the mother with 50 to 100 mg. thiamine by oral, 
intravenous, or intramuscular administration raises the 
level in breast-milk transiently. It is highest after 
intravenous injection. The blood level remains lower 
than the level in the milk. 

The vitamin-Bi content of the cerebrospinal fluid was 
estimated in 105 children of all ages with various affec- 
tions of the nervous system. The values were fairly 
constant and ranged from 1 to 4 ng. per 100 ml. indepen- 
dent of age, condition, or cell and prdtein content of the 
liquor. The diffusion of thiamine into the spinal fluid 
tras demonstrated. After intravenous doses of 50 mg. 
vitamin Bj the level increased from 1 to 2.5 f»g. to 12.5 to 
16.5 n%. per 100 ml. With lower doses the increase was 
negligible. 

The thiamine level in blood (usually capillary) was 
examined in 180 children. A level of 5 to 8 tig. per 
100 ml. was found. Values below 4 fjg. per 100 ml. are 
considered to reveal a latent hypovitaminosis. Pre- 
mature infants had a relatively high level (mean value 
9.8 tig. per 100 ml.). The estimation of thiamine in blood 
is considered unsatisfactory and inconclusive, even with 
Schopfer’s method. The vitamin-Bj equivalent is 
recorded as a whole, without distinction of free and 
fixed vitamin and of intermediate metabolites. 

M. Dynski-Ktein. 

A Study of the Fasting-hour Excretion of Thiamine in the 
Urine of Normal Subjects. Papageorge, E., and 
Lewis, G. T. (1947). J. Nturit., 34, 301. 

The authors have estimated the 24-hour urinaiy 
excretion of thiamine by 63 normal university students, 
and have compared the values with the amount in a 
“fasting-hour" specimen, collected in the hour follow- 
ing the 24-hour period and after an overnight fast of 
about 12 hours. There is a good correlation between 
the ralues. In 20 of their 63 subjects the authors also 
determined the percentage of a 1-mg. otal dose of 
thiamine excreted in the next 4 hours in the fasting state. 
The authors therefore confirm pre^ous work which 
indicates that the fasting-hour excretion is a convenient 
method in nutritional surveys of obtaining an approxi- 
mate indication of the trend of thiamine levels m the 
body. They suggest that the critical level of fasting-hour 
excretion of thiamine is 4 tig. R- Sf. Sinclair. 


Factors Influencing the Urinary Excretion of Calciinn. 

I. In Normal Persons. Knapp, E. L. (1947). J. din. 

Invest., 26, 182. 

The normal urinary excretion of calcium xxas studied 
under standard dietary conditions in 606 normal persons 
ranging in age from 1 to 80 years. The mean urinary 
calcium excretion increased with both age and intake; 
in adults the increase in excretion with increase in intake 
is greater than in children. With constant daily calcium 
intake the mean urinary excretion increased With age 
throughout the period of growth. The skeletal weight 
was found to be the factor responsible for these difi'er- 
ences as well as for those with sex. The urinary calcium 
values calculated as a percentage of calcium intake were 
plotted against the calcium intake perkUo of body weight ; 

c J .t. . urinary Ca x 100 .. , 

It was found that ^ ; was an exponential 

Ca intake 

function of, and varied inversely with, the intake per kilo. 
The position of urinary calcium values in any individual 
person relative to the mean depended on the endocrine 
balance of the person and was independent of age or 
calcium intake. Normal infants, irrespective of a low or 
high calcium intake per kilo, had a level of urinary excre- 
tion within the range of normal for older subjects but 
below the mean for this latter group, the mean level 
characteristic for older subjects being reached at about 
the age of 2. Undernourished children had a umTormly 
low calcium excretion, which rose sharply as the child 
gained wei^t. Ingested acids (ammonium chloride, 
ketogenic diet) and a high calcium/phosphorus ratio, 
without altering the total calcium content of the diet, 
increased urinaiy calcium. Some other dietary factors of 
lessimportance in urinary calcium excretion are discussed. 

A. Schott. 

Metaboh’sin of \5'onien during the Reproductive Cycle. 

Xin. The Utilizaflon of Niacin during Lactaflon. 

Coryell, M., Roderuck, C., Harris, M. E.. Miller, 

S., Rutledge, M, M., Williams, H. H., and Macy, 

I. G. (1947). y. ,V«tr/V„ 34, 219. 

Niacin intake, secretion in milk, and excretion in 
urine were studied in 7 healthy nursing mothers during 
the first 10 days post partum, and in 9 women during 
periods of 5 consecutive days 2 to 10 months post 
partum. 

The average daily intakes of niacin and its precursor 
during the 5-d3y periods ranged from 13 to 23.4 mg. 
The results show during the first 10 days' post partum 
rapid increases in the amounts of niacin secreted daily in 
milk, averaging from 0.04 mg. on the first day post 
partum to 2.9 mg. on the tenth: these figures portray 
the increases both in concentration and in volume of 
milk secreted during the puerperium. The average daily- 
niacin content of mature milk ranged from 0.52 to 
2.02 mg.; these values, also, show a general relationship 
to milk volume rather than to intake, and illustrate the 
wide range of normal variation in the composition of 
human milk from different mothers and from the same 
mother at different times. J. Parncss. 

Oral Smears Compared with Vaginal Smears. Case 

Report. Russell, P. B. (1947). St.':, mcd. J.. 40. 561. 

This is a case report to illustrate the value of Russell 
and Bennett’s method in controlling the synthetic 
oestrogen therapy of menopausal svTnptoms in a vvo.man 
of 44. following surgical operation. Giam-stai.ned 
smears from the surface of the mouth show- the in.flucnce 
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of hormonal stimulation on the buccal epithelium, and 
permanent preparations can be made for comparison. 
It is suggested that the method is applicable to the oestro- 
gen therapy of vulvo-vaginitis in children, and that the 
patients themselves could prepare the smears. 

E. T. Rnston. 

The Effect of Trauma and Disease on the Urinary 17" 
Ketosteroid Excretion in Man. Fordes, A. P.> 
Donaldson, E. C., Reifenstein, E. C., and Alrright, 
F. (1947). J. din. Endocrinol., 7, 264. 

Analysfs of 4,000 determinations of urinary 17-kcto- 
stcroid excretion showed that the output was low in 
chronically ill or seriously undernourished patients. 
Members of the laboratory staff whose basal output was 
well established showed a 70% reduction in output 
during acute infections. The effect of various types of 
“alarm,” including operation, acute infections, etc., 
showed an immediate rise in excretion in men, followed 
by a period of subnormal excretion. Women showed 
no preliminary rise. 

The Excretion of 17-Kefosferoids and Gonadotrophin in 
Children : Normal and Abnormal Cases. Main, 

• A. M. (1947). Arch. Dis. Childh., 22, 152. 

Gonadotrophin can be detected in normal girls before 
the seventh year and in normal boys before the ninth. 
It is excreted in abnormally large amounts in cases of 
precocious sexual development. Constitutional preco- 
cious menstruation is probably due to premature pituitarj' 
secretion in association with abnormal ovarian response. 
Instances of the use of hormone excretion assays in 
various types of endocrine and constitutional abnor- 
malities are given. P. R. Evans. 

Correlations of Biochemical and Histologic Changes in 
the Adrenal Cortex. Rogers, W. F., and Williams, 
R. H. (1947). Arch. Path., 44, 126. 

The adrenal cortex was studied in a number of healthy 
persons who died instantaneously after traumatic injury 
and in whom the glands could justifiably be regarded- as 
normal. Comparisons were made between the cholesterol 
content and the amount of lipid present, as demon- 
strated in histological section by use of polarized light, 
ultraviolet light, and phenylhydrazine and Sudan IV 
stains in frozen sections. Phloxine-methylcnc-bluc was 
used in paraffin sections to study vacuolation. The 
amount of lipid demonstrated by the first three methods 
was directly proportional to the cholesterol content. 
Similar correlation was found in glands depleted of 
lipid in severe toxic states such as fulminating strepto- 
coccal septicaemia and by administration of adreno- 
trophic pituitary hormone. W. S. Killpack. 

Proteins in the Colloidal Gold' Reaction, Bernsohn, J., 
and Borman, E, K. (1947). J. din. Invest., 26, 1026. 

The authors suggest that abnormal colloidal gold 
reactions arc due to a si^ificant change in the y-globulin 
content or to an alteration in the proportions of P- and 
possibly a-globulin to the y-globulin. A spinal fluid 
giving the general paretic curve (type I) contains signi- 
ficantly less protective globulins and generally more 
y-globulin. A spinal fluid giving the curve found in 
bacterial miningitidcs (type III) contains more globulin 
of the P type than a normal fluid. Other curves of type 11 
can be explained on an alteration of the ratio of the 


protective to the y-globulins. The reactions obtained 
with blood scrum in cases of liver dysfunction arise from 
the relative decrease of protective globulins which arc 
elaborated by the liver cells. The authors suggest that 
y-globulin could be used to determine whether or not two 
batches of gold sol arc comparable. E. T. Rnston. 

A Microbiological Method of Standardizing Liver Extracts, 
Mahdiha.ssan, S., and Bakshi, V. M. (1947). Nature, 
Land., 160, 404, 

A bacterium, Bacterium carotene, producing a red 
pigment was isolated from the insect Cicor/e/Zo virUiis and 
grown on artificial media containing liver extract. 
Growth occurred only when liver extract was added to 
the medium, and it appeared to be related quantitatively 
to the concentration of liver extract. The growth factor 
present in the liver extracts was found to resist auto- 
claving for 6 hours at 15-lb. pressure, and to be adsorbed 
on to fuller’s earth and activated charcoal but not on to 
kaolin. It is suggested that this organism may provide a 
method of microbiological assay for standardizing liver 
extracts. 

Hepatic Dysfunction in Peptic Ulcer. ‘ Observations tvitli 
the Hippiiric-acid Test. Follak, H. (1947). Lancet. 
2, 131. 

■ Oral hippuric-acid excretion tests were performed on 
68 male patients with peptic ulcer. No other tests of 
liver function arc recorded and no details of the clinical 
condition of these patients arc given, but the author 
concludes that they had a tendency to depressed liver 
function, the impairment being greater in the active 
phase of the disease. C. Hardwick. 

Liver Function Tests in the Diagnosis of Jaundice, A 
Review of 200 Cases. Maclagan, N. F. (1947). 
Brit. mod. J., 2, 197. 

Scrum alkaline phosphatase shows a maximum devia- 
tion from normal in obstructive jaundice, whereas the 
flocculation tests show maximum abnormality in hepa- 
titis. The present paper is concerned with the results 
obtained in 200 jaundiced patients, in whom the cause 
of the jaundice was s.atisfactorily established by other 
means. Of these, 56 were cases of obstructive jaundice 
(37 due to neoplasm) and 118 of acute hepatitis (95 
infective hepatitis), and there were also 15 cases of 
chronic hepatitis and 11 of haemolytic jaundice. 

All cases with phosphatase levels above 42 units were 
obstructive. All with phosphatase levels below 15. units 
were non-obstructive, and this group included all cases 
of haemolytic jaundice. All cases with strongly positive 
flocculation reactions were non-obstructive; all those 
with weak or negative flocculation reactions and phos- 
phatase levels above 35 units were obstructive. 

Douglas H. Collins. 

Chronic Liver Disease Following Infectious Hepatitis, 
1. Abnormal Convalescence from Initial Attack. 
Kunkel; H. G., LABRy, D. H., and Hoagland, C. L. 
(1947). Ann. intern. Med., 27, 202. 

Reviewing 350 cases of the disease, with a special study 
of tests of liver efficiency, the authors describe as neces- 
sary for the estimation of persistent impairment of the 
liver a combined use of determinations of the plasma 
bilirubin level, the bromsulphalein retention test, and the 
thymol turbidity reaction of the scrum. Under an 
elaborate scheme of chemical testing the authors found 
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that 17% of their patients sustained relapses or other 
forms of delayed healing due to functional hepatic 
impairment; in several, recovery was delayed for over 
a year. G. F. Walker. 

A Study of Hepatic Function in Acquired Malaria. 
ScHNHDER, L. A., and Shallenberger, P. L. (1947). 
Amer. J. med. Sci., 214, 80. 

Approximately one-third of all acute acquired malaria 
cases under atebrin therapy are shown to have demon- 
strable hepatic dysfunction as evidenced by standard 
li\-er function test. 

Changes in Blood Phosphate after Ingestion of Glucose 
and Fructose in Sprue. Fourman, L. P. R. (1947). 
Bn'f. med. J., 2, 411. 

Inorganic phosphate concentrations in the plasma, 
cells, and whole blood after the ingestion of 50 g. of 
glucose and the ingestion of 50 g. of fructose were 
estimated in 5 normal subjects and in 4 patients suffering 
from tropical sprue. Changes in blood “ester” phos- 
phate concentrations and in the rate of phosphate excre- 
tion in the urine were also observed. 

In normal subjects the plasma phosphate diminished 
after the ingestion of both glucose and fructose, whereas 
in the sprue patients after glucose the drop in phosphate 
was less than in the normal, and after fructose the 
phosphate remained unchanged or rose. These findings 
are taken as evidence that in the sprue patients there 
was a failure of absorption of glucose and fructose. 

H. K. Goadb.y. 

Measurement of the Concentration of Miracil in Biological 
Fluids, Latner, A. L., Coxon, R. V., and King, E. J. 
(1947). Trans. R. Soc. trap. Med. Hyg., 41, 133. 

“Miracil D” (l-diethylaminoethylamino-4-methyl- 
thioxanthone) has been shown by German workers to be 
actis’e against schistosome infections in laboratop' 
animals. In view of the possible use of the drug in 
medicine methods have been worked out for its deter- 
mination in blood and urine. Blood concentrations may 
be determined by colorimetric measurement of the 
amount of bromothymol blue which will combine with 
the miracil extracted from blood with ethylene dichloride, 
or by determination of the yellow colour of the drug 
extracted from the sample. L. G. Goodwin. 

The Value of Spinal Fluid Examination as a Diagnostic 
Procedure in V'cH’s Disease. Cargill, W. H., and 
Beeson, P. B. (1947). Ann. intern. Med., 21, 396. 

Of 14 cases of Weil’s disease observed during a 4-year 
period, 13 were found to have abnormal spinal fluid. In 
only 6 were there clinical signs which could be attributed 
to meningeal irritation. The commonest abnormality 
was an increase in the cell count. Xanthochromia was 
noted in approximately 90% of the cases in which jaundice 
was present. Spinal fluid examination is of xriilue as a 
routine diagnosticprocedurc when the diagnosis of Weil’s 
disease is suspected. 

On Changes in the Cerebrospinal Fluid during Measles. 
(In English.) Ojala, A. (1947). Ann. Med. intern. 
/e/m., 36, 321. 

After investigating 123 unsclecicd cases of measles 
without clinical eridence of central nervous sj-stem 
involvement, and 4 cases in which lumbar puncture was 
called for on clinical grounds, the author concludes that 


pleocytosis in measles (nearly 30% in his series) is more 
frequent than has been presiously recorded. Changes in 
the cerebrospinal fluid may be due to the virus itself or 
its toxins, and the view is expressed that in measles 
pleocytosis is an allergic phenomenon caused by toxin. 
The author believes that measles encephalitis is more 
common than is assumed but that the symptoms are 
chiefly psychic. E. H. R. Harries. 


Caronamide for Increasing Penicillin Plasma Concen- 
trations in Man. Crosso.n, J. W., Boger, W. P., 
Shaw, C. C., and Miller, A. K. (1947). J. Amer. 
med. Ass., 134, 1528. 

Normally, about 80% of the penicillin in the urine is 
excreted by the renal tubules and only about 20% by 
glomerular 'filtration. The excretion of the drug by the 
tubules can be completely suppressed by the intravenous 
administration of either iodopyrin C’diodrast”) or 
//-aminohippuric acid, but the usefulness of this proce- 
dure is limited by the large amounts of either of these 
compounds which have to be injected. 

This report describes the clim'cal application of caron- 
amide (4'-carboxy-phenylmethanesulphonamlide), an 
orally effective compound of low toxicity capable of 
producing a reversible inhibition of penicillin excretion 
by the renal tubules. The effectiveness of caronamide 
depends upon a “substrate competition between peni- 
cillin, which is excreted by the tubules, and 4'-carboxj-- 
phenylmethanesulphonaniUde, which is’ essentially refrac- 
tory’ to excretion by that transport mechanism.” 

Of 6 patients studied, 5 showed increases in plasma 
penicillin concentrations during the period of administra- 
tion of caronamide. The average concentrations during 
the period of administration of the new drug were from 
2.4 to 7.1 times greater than during the two control 
periods. A. L. Walpole. 


Oliguria after Abortion. Humphrey, J. H., and Jones 

F. A. (1947). din. Sci., 6, 173. 

Renal failure with oli^ria after abortion (of which 
only 19 cases have been hitherto reported) may be due to 
pyelonephritis, ingested poisons, sulphonamides, quinine 
sensitivity, incompatible transfusion, a syndrome with 
renal changes resembling those of crush syndrome, or 
symmetrical cortical necrosis. Four patients, all of 
whom recovered with “conservative” treatment, are fully- 
described. The pathogenesis of this syndrome is dis- 
cussed in the light of the work of Barclay and others 
{Lancet, 1946, 2, 237). The pathological process involved 
was thought to be renal vessel spasm with or without 
thrombosis, such as is found in persons dving with 
symmetrical renal cortical necrosis. 


Studies in E^rolithiasis : I. The Composition of Urinary 
Calculi. Prien, E. L., and Frondel, C. (I947j J 
Urol., 57, 949. v / - 

Approximately 700 urinary calculi were studied under 
the polarizing microscope. Only 9 distinct crvstallinc 
substances were found, and these fell into the follo-Aing 
groups: oxalates, phosphates, uric acid, urates, and 
cystine. Detailed descriptions and chemical a.nalyscs are 
given of the stone formations. As ma.ny as 4 crvstallinc 
compounds were often found by optical a.-ialvsis in the 
same calculus. 
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Does Rh-Isoimmiinization Cause Early Abortion ? Over- 
street, E. W., Traut, H. F., Hunt, M., and Lucia, 
S. P. (1947). Amer. J. Obstet. Gynec., 54, 235. 

The authors conclude that there is no evidence tha^ 
Rh-iso-immunization may cause abortion in the lirs^ 
20 weeks of pregnancy. 

The Role of a Presumed Serum Protein in the Pathogenesis 
of Erythroblastosis Fetalis . Gurevitch, J . , Poushuk , 
Z., and Hermoni, D. (1947). Amer. J. din. Path., 17, 
465. - 

The authors conclude that sera from umbilical cords 
and from infants less than 6 months of age do not 
enhance the agglutinating action of immune antibodies 
as do normal adult sera. 

Use of Trypsin in the Detection of Incomplete Anti-Rh 
Antibodies. Morton, J. A., and Pickles, M. M. 
(1947). Nature, Lond.,\S9,n9. 

Rli-positive cells sensitized in vitro with Anti-D 
incomplete antibody, and cells from infants suffering 
from haemolytic disease of the newborn were agglu- 
tinated by solutions of trypsin. 

Kernicterus. A Follow-up Study of Thirty-five Erytho- 
blastotie Infants. Stiller, R. (1947). Amer. J. Dis. 
C/iiW.,73,651. 

Out of 35 children born with erythroblastosis, 29 
survived; 4 showed signs of C.N.S. involvement, 2 of 
these in the neonatal period. Transfusion is of no value 
in ameliorating damage to the brain. 

Modification of Human Red Cells by Virus Action. 
Chu, C. M., and Coombs, R. R. A. (1947). Lancet, 
1, 484. 

After treatment with the haemagglutinating viruses of 
influenza A and B, swine influenza, and Newcastle 
disease (N.D.V.), Rh-positive cells were agglutinated by 
incomplete Rh antibody. The order of activity in this 
respect was as follows: N.D.V.>swine influenza> 
influenza B> influenza A. Rh-negative cells were not 
agglutinated. 

The Improved Demonstration of Circulating Antibodies in 
Hemolytic Anemia by the Use of a Bovine Albumin 
Medium. Neber, J., and ■ Dameshek, W. (1947). 
Blood, 2, 371. 

Using 20% albumin as diluting fluid, the authors claim 
to have demonstrated “warm agglutinins” in 5 patients 
with acquired haemolytic anaemia; in 4 of these no 
agglutinin was demonstrable when saline was used 
instead of the albumin. Employing the albumin tech- 
nique they demonstrated a serum haemolysin in one 
patient with acquired haemolytic anaemia and in a case 
of familiar spherocytic anaemia during a haemolytic 
crisis. 

The Significance of the van den Bergh Reaction, Gray, 
C. H. (1947). Quart. J. Med., 16, 135. 

The author claims that the terms “prompt,” “bi- 
phasic,” and “delayed” reactions are obsolete, as they 
depend on the amount of bilirubin present and not on 
the tvpe of jaundice. The direct-indirect quotient 
(D.I.Q.), i.c., 

final amcunl ot azobilirubin in the dir ect reaction 
final amount of azobWrubio in the indirect reacUon ^ 


is a useful calculation. Below 40, this is diagnostic of 
haemolytic jaundice; above 50, it indicates obstructive 
or hepatogenous jaundice. Tiic van den Bergh retiction 
is quite incapable of diflerentiating obstructive from 
hepatogenous jaundice. 

Biochemical and Physiological Studies of Two Active 
Substances Produced by tbc Spleen. (Etudes bio- 
chimiques ct physiologiqucs sur dcu.x substances 
actives produites par la rate.) Ungar, G. (1947). J. 
Physiol., Paris, 39, 219. 

Two physiologically active substances, splcnin A and 
B {Endocrinology, 1945, 37, 329), have been isolated from 
ox, horse, and sheep spleen and have been produced by 
an in vitro method. Splcnin A decreases and splenin B 
increases bleeding time. Thus, in guinea-pigs one unit 
of splenin A per kilo injected subcutaneously lowered the 
mean bleeding time from 131 to 100 seconds, and one 
unit of splcnin B raised it from 131 to 160 seconds. 

Splenin A is normally found in the spleen (about 
10,000 units per g.), from which it flows into the blood 
stream and is excreted in the urine. Splcnin B occurs in 
the spleen (about 30 units per g.) and bone marrow 
(about 30,000 units per g.), but is not normally found in 
the blood stream. Splcnin B is probably identical with 
thrombocytopen (Troland and Lee, J. Amer. med. Ass., 
1938, 111, 221). Splcnin A and B have opposing 
pharmacological actions on bleeding time, capillaiy 
permeability, and haemolysis, the former promoting and 
the latter retarding combination between the protease 
and anti-protcasc of blood. When excess splcnin B is 
produced, it passes into the blood stream and interferes 
with the mechanism of certain pathological states such 
as purpura and haemolytic jaundice. Splenin A, the 
liberation of which may be controlled by the hypophysis 
and suprarenal cortex, intervenes during the adaptation 
syndrome probably by neutralizing protease and thus 
protecting the capillary endothelium. Its pharmacolo- 
gical properties arc similar to those of vitamin P sub- 
stances such as hesperidin and rustin, J. E. Page. 

Studies on the Enigma of the Hemostatic Dj'sfunction of 
Haemophilia. Quick, A. J. (1947). Amer. J. med. 
Sci., 214, 272. 

The author describes experiments which in'his opinion 
show that the defect of coagulation in haemophilia is due 
to lack of thromboplastinogen, the inactive precursor of 
thromboplastin. Other components are present in 
normal proportions. 

Some Clinical Observations on the Prothrombin Test. • 
Fisher, B. (1947). Amer. J. din. Path., 17, 471. 

Whole plasma is recommended for use in Quick’s one- 
stage method for the estimation of prothrombin. Dilu- 
tion with saline, rather than with prothrombin-free 
plasma, introduces errors. Prothrombin levels should 

(= 302 

prothrombin time in sec. — S.7 
also be expressed as percentages of prothrombin (Quick), 
and not in seconds or as percentages of prothrombin 
times determined in normal subjects. 

Significance of the’ Accelerated Reaction in Deternunation 
of Prothrombin Time of Diluted Plasma. Tuft, H. S., 
and Rosenfield, R. E. (1947). Amer. J. din. Path., 
17, 704. 

A 10% dilution of plasma employed in 500 deter- 
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minations did not indicate that a decreased prothrombin 
time was correlated with clinical evidence of thrombosis 
or embolism. 

Variations in Prothrombin and Antithrombin in Patients 
with Thrombosing Tendencies. Hurn, M., Barker, 
N. W., and Mann, F. D. (1947). Amer. J. din. Path., 
17, 709. 

The plasma prothrombin by the one- or two-stage 
methods and serum antithrombin levels were estimated 
in 63 patients with thrombotic or embolic conditions. 
There was no diagnostic correlation between clinical 
state and laboratory observation. 

Variations in Prothrombin and Antithrombin Following the 
Administration of Dicoumarol. Hurn, M., Barker, 
N. \V., and Mann, F. D. (1947). Amer. J. din. Path., 
17, 712. 

The authors compare the one- and two-stage techniques 
for estimating prothrombin times. TTie one-stage 
technique, which depends upon the rate of conversion of 
prothrombin, is held to be preferable in the control of 
dicoumarol therapy. 

Congenital Hypoprothrombinaemia and Pseudo-hj-popro- 
throrabinaemia. Quick, A. J. (1947). Lancet, 2, 319. 

The author summarizes his views on blood coagulation, 
and describes a labile factor (probably identical with 
OwTen’s factor 5) whose disappearance causes an 
increase in prothrombin time when plasma is stored. 
Two families are described; one suffering from true 
familial hypoprothrombinaemia; the other from 
“pseudo-h>Toprothrombinaemia.” In the latter the 
prothrombin time was eleratcd, but prothrombin and 
the labile factor were present in normal preparations. 
The lack of still another factor is postulated. 

Essential Thrombocytopenic Purpura. Autopsy Findings 
in Thirty-six Cases. Hertzog, A. J. (1947). J. 
Lab. din. Med., 32. 618. 

The post-mortem findings in 36 cases of essential 
thrombocytopenic purpura are described; these are 
taken from the records of over 51,600 necropsies per- 
formed at the University of Minnesota. Haemorrhages 
w ere the chief necropsy findings ; in 12 cases intracranial 
haemorrhages caused death. In 2 cases bleeding from 
the gastro-intestinal tract predominated. In I the 
principal bleeding was from the renal pelvis and bladder. 
Nine patients had continued to suffer from widespread 
haemorrhages after splenectomy. There were no 
characteristic histological findings. The bone marrow 
W’as c.xamincd in 10 of the 36 cases. The most constant 
feature was a marked increase in the number of mega- 
karyocytes. The author suggests that, where the marrow 
shows a marked decrease in number of megakaryocyies, 
little or no benefit is derived from splenectomy. 

R. Winston Evans. 

Influence of Penicillin on the Coagulation of Blood, with 
Especial Reference to Certain Dental Operations. 
Fle.xiing, A., and Fish, E. W. (1947). Brit. mcd. J., 2, 
242. 

With high concentrations of penicillin (1,000 units per 
ml. or more) there is some interference with the clotting 
mechanism. This effect is of no practical importance in 
the systemic administration of penicillin. It should be 


borne in mind when employing solutions of high 
concentration locally. 

Lencocytosis and Changes in the Differential AMiite Cell 
Count in Renal Colic. (Sul comportamento della 
leucocitosi e della formula leucocitaria nella colica 
renale.) Beluffi, E. L., and Fantom, S. (1947). 
Ann. ital. chir., 24, 152. 

Cases are cited of right-sided pain due to uncompli- 
cated non-infected ureteric calculi which are associated 
with leucocytosis up to 14,000 per c.mm. Doubt is thus 
thrown on the value of the leucocyte count in differentiat- 
ing appendicitis from ureteric colic. 

Idiopathic Thrombocytopenic Purpura. A Study of Three 
(ises with Special Reference to Changes, in the 
Megakaryocytes. Valentine, E. H. (1947). Amer, 
J. med. Sci., 214, 260. 

A decreased formation of platelets by an increased 
number of megakaryocytes is held to be due to an 
inhibiting factor secreted by the spleen. 

Iron-staining Erythrocytic Inclusions with Especial Refer- 
ence to Acquired Haemolytic Anaemia. McFadzean, 
A. 3. S., and Davis, L. J. (1947). Glasg. med. J., 28, 
237. - 

The authors confirm and e.xtend the obsenntions of 
Pappenheimer et al. {Quart. J. Med., 1945, n.s., 14, 75). 
who described the appearance of numerous stippled red 
cells in patients with acquired haemolytic anaemia after 
splenectomy. The basophilic inclusions are found in 
both nucleated and adult red cells. They react with 
acid-potassium ferrocyanide and are believed to corres- 
pond with the siderotic granules of Gruneberg. Their 
formation is attributed to some abnormality in haemo- 
globin formation. 

Development of Inclusion Bodies containing Ribose Nucleic 
Acid in Myeloma Cells after Injections of Stilbamidine. 
Determination of Stilbamidine in Myeloma Tissue. 
Snapper, I., Mirsky, A. E., Schn-eto, B., and Rosen- 
thal, M. (1947). Blood, 2, 311 . 

Basophilic granules containing ribose nucleic acid not 
normally present in the cytoplasm of myeloma cells 
appear after injections of stilbamidine. Methods are 
given for identifying ribose nucleic acid, and for the 
estimation of stilbamidine in myeloma tissue. 

The Diffraction Method of Measuring Red Blood Cells. 
PiJPER, A. (1947). J. Lab. din. Med., 32, S57. 

The author reviews the development of the diffraction 
technique of measuring red-cell diameters and dcscriTxi 
an improved apparatus whereby it is possible to calculate 
the degree and quality of anisocytosis, as well as mean 
cell diameter. 

The Osmotic Resistance (Fragility) of Human Red Cells. 
Parp.vrt, a. K., Lorenz, P. B., Parpart, E. R., 
Gregg, J. R., and Oiase, A. .M. (1947). J. din. 
Invest., 26, 636. 

Temperature. pH, and time as well as salt concentration 
determine the apparent fragility of red blood cells. This 
paper should be read by all interested in Lhis determina- 
tion. 
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MORBID ANATOMY AND HISTOLOGY 
Adnexal Carcinoma of the Skin. Chandler, N. (1947). 

Amer. J. Path., 23, 1. 

This paper gives an account of the group of “basal- 
cell carcinomata,” or, as the author rightly prefers to 
call them, “adnexal carcinomata of the skin.” The 
present position as regards nomenclature, classification, 
and histogenesis of these growths is confused, and the 
author bases his attempt to bring order out of the existing 
chaos on a careful study of over 200 tumours. The 
interesting and fully documented historical review reveals 
little that is essentially new. 

The subdivisions given are as follows : (1) Pilar Type ; 
(2) Sudoriparous Glandular Type ; (3) Basal-cclled Type. 

The author’s theoiy, based on his observations and 
on a consideration of the development of epidermal 
structures, is that adnexal carcinomata arc derived not 
from basal cells of the epidermis but from the hair 
follicles, sweat glands, or rather from cells of the 
embryonal rudiments of these, as opposed to Mallory’s 
hypothesis that they arise from the adult hair matrix. 


Mummified Epidermal Cysts (So-callcd “Calcified Epithe- 
liomas”). King, L. S. (1947). Anwr. J. Path., 23, 29. 

A review of the literature relating to “calcified epi- 
theliomata” suggested to the author that several types 
of these tumours occur. With this in mind he analysed 
•9 such cases taken from 7,500 consecutive surgical 
specimens. At the same time 123 epidermal cysts drawn 
from the same series wore also reviewed. The author 
'Considers that the term “calcified epithelioma” is mis- 
leading and should be abandoned. He suggests that one 
group of cases be described as “mummified epidermal 
cysts” and the other group, of which he describes only 
one, as “basal carcinoma with mummification.” 


The'. “Eosinophilic Granulomas” of the Skin. Weidman, 

F. D. (1947). Arch. Derm. Syph., Chicago., 55, 155. 

The diversity of the disease processes in which cutane- 
ous lesions have the histological features of eosinophilic 
granuloma is emphasized. The term “eosinophilic 
granuloma of the skin,” not to be confused with eosino- 
philic granuloma of bone, was used originally for an 
unclassified cutaneous granuloma in which a dense 
infiltrate, consisting predominantly of eosinophilic cells, 
was found; histiocytes,' monocytes, plasma cells, and 
mast cells were also present. It is correct to speak of the 
condition in the plural, and of a given case as “one of the 
•eosinophilic granulomas of the skin.” Five hitherto 
unpublished American cases are described and most of 
the published cases are quoted. It is suggested that they 
fall into two broad categories — idiopathic and sympto- 
matic. All the idiopathic cases are thought to be 
cutaneous manifestations of one or other of the reticu- 
loses ; in all of them some eosinophilia of the blood was 
present. In the symptomatic cases are included cases of 
Loeffler’s syndrome, erythema elevatum diutinum, 
orificial tuberculosis, non-specific ulceration, yeast 
infection, and other unclassified inflammatory conditions. 
Histologically, a disease known as “syphiloid” of cats 
can be classified as an eosinophilic granuloma. 

Whatever underlying disease may be concerned, it is 
suggested that eosinophilogcnic factors may be respon- 
sible for conce,aling or modifying the typical features of 
the condition. G. B. Dowling. 


£o.sinopliilic Granuloma and its Relation to Xanthomatosis 
Ossca. (Contribucidn al cstudio del dcnomin.ido 
“granuloma cosinofflico” y a sus relaciones con la 
xanlomatosis osea.) Schajowicz, F., and Polak, M. 
(1947). Jici'.' A.wc. indd. argent., 61, 218. 

The authors describe the relations between three main 
types of benign rcticulo-cndothelial hyperplasia of bone; 
the solitaiy granuloma, the eosinophil granuloma, and 
the loctil or diffuse types of xanthomatosis ossca which 
may be accompanied by the Schiillcr-Christian syndrome 
or which may rarely complicate Lcttcrcr-Siwc’s disease. 

Using classical staining techniques as well as the silver 
impregnation methods of Rio Hortega, on material 
obtained from biopsies and excised tumours, the authors 
studied the relations of the three types of lesions in 8 cases 
of their own. Radiologically, the lesions were similar in 
the different cases, there being destruction of bone with al 
least one focus in the cranial vault. Histologically, the 
main finding \vas the hyperplasia of the histioc>’tic cells, 
with infiltration by lymphocytes, plasma cells, and poly- 
morphonuclKir leucocytes. Eosinophil infiltration was 
found in lesions from cases difl’ering widely clinically— 
for example, in a case by simple extirpation, another 
with the typically chronic lesions ofthcSchullcr-Christian 
syndrome, and a third with the acute lesions of Lcttcrcr- 
Siwc’s disease. In other cases eosinophils were cntircl) 
absent from the lesions. In 2 cases of eosinophil granu- 
loma the authors observed follicles of rcticulo-cndothelial 
cells, with transitions to multinuclcatc giant cells, well 
demonstrated in the lesions by impregnation with 
ammqniacal silver carbonate. These appearances were 
reminiscent of those in sarcoidosis and suggested an 
inflammatory reaction. The intense eosinophil infiltra- 
tion might represent an allergic type of reaction to a 
toxin, tuberculous or other. Xanthomatous trans- 
formation appeared mostly in the older lesions .and was 
probably not a permanent cnangc, sometimes disappear- 
ing again, cither spontaneously or after radiotherapy. 
Because the xanthoma cells were not always found, 
even in cases with the Schiiller-Christian syndrome, the 
xanthomatous degeneration was thought to be only a 
stage in the evolution of the histiocytic granuloma, which, 
possibly with a stage of giant-cell formation, finally goes 
on to fibrosis. The xanthomatous change would thus 
be due to a local disturbance of lipid metabolism, 
secondary to the inflammatory reaction which the authors 
believe to be the basis of the histiocytic granuloma. 

L. P. R. Founnan. 

Tumours of Sweat Glands. (Tumeurs sudoripares.) 
Dupont, A. (1947). Arch. belg. Derm. Syph., 3, 275. 

The author divides his cases into three categories: 
(1) sudoriferous tumours whose structure recalls the 
excretory portion of the sweat apparatus; (2) sudori- 
ferous tumours of the secreting portion ; and (3) tumours 
which, possessing certain characteristics relating them to 
sweat glands, evolve towards Malpighian cpitheliomata. 

The histological details of 1 1 cases arc described and 
illustrated by drawings. 

Ewing’s Sarcoma of Bone. LicrrrENSTEiN, L., and 
Jaffe, a. L. (1947). Amer. J. Path., 23, 43. 

A study of 17 cases of Ewing’s sarcoma of bone is 
described. Most of the patients were in tire second 
decade of life, 65% being males. 

Morphology is described on the basis of four necrop- 
sies. Widespread involvement of many bones was often 
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found in spite of lack of clinical and radiological evidence. 
Histologically, in all cases crowded cells of uniform size 
with ill-defined borders were found. They contained 
little cytoplasm, and their nuclei were large, round, or 
oval in shape and showed powdeiy chromatin. Appear- 
ances were_gften variable owing to necrosis and haemor- 
rhage with the subsequent processes of repair. 

This description is at variance with Ewing’s original 
description but agrees with that of Oberling. 

Metastases were found in the lungs,-liver, heart, spleen, 
kidneys, pancreas, thyroid, and of course in many bones, 
though it is possible that multifocal origin is the basis of 
widespread involvement of the skeleton. Lymph nodes 
were strikingly free from metastases. The breasts, 
testes, bronchi, gastro-intestinal tract, suprarenals, and 
sympathetic chain were scrutinized with a view to 
eliminating the possibility of incorrect diagnosis. 

R. B. T. Baldwin. 


Endothelial-cell Sarcoma of Liver folloning Thorofrast 
Injections. MacMahon, H. E., Murphy, A. S., and 
Bates, M. I. (1947). Amer. J. Path., 23, 585. 

Twelve years after the administration of “thorotrast” 
for radiographic visualization of the liver a woman aged 
70 died suddenly from intra-abdominal haemorrhage 
from a haemorrhagic lesion of the liver, which the 
authors regard as sarcomatous. Radioactive deposits 
of thorotrast were present in the liver, spleen, lymph 
nodes, bone marrow, adrenals, kidney, and blood-vessel 
trails. While the diagnosis of sarcoma might be ques- 
tioned, the case undoubtedly showed widespread damage 
due to irradiation and haemorrhagic lesions attributable 
to the thorotrast. R.A.WUlis. 


Multiple Idiopathic Hemorrhagic Sarcoma of Kaposi. 
Histopathologic Study. Sachs, W., Azulay, R. D., 
and CONvrr, J. (1947). J. invest. Derm., 8, 317. 
Haemorrhages, angioblasts (“endothclioid cells” by 
some authors), and spindle cells are described as constant 
features of Kaposi's idiopathic haemorrhagic sarcoma. 
The condition may resemble a simple inflammatory 
process or an angioma, granuloma, or neoplasm, and the 
suggestion is made that glomus tumour, pyogenic 
granuloma, and Kaposi’s sarcoma may have a common 
origin; they may be angioblastomata. Kaposi's sarcoma 
may be considered as a systemic angiosarcomatosis 
belonging to this group. G. A. Hodgson. 


Carcinoma in the I5’all of a Lung Cavity. (Das Kaver- 
nenkarzinom. Seine Bedeutung fur den Arzt und fur 
die Begutachtung). Graff, S. (1947). Dtsch. nicd. 
H'schr., 72, 465. 

SL\ cases of cancer in the wall of a lung cavity in males 
are reported. These carcinomata are apparently often 
overlooked even at necropsy. In vivo the diagnosis is 
unlikely to be made. All knowm cases occurred in 
tuberculous cavities, originating mostly from the point 
where the bronchus passes out of the cavity. Micro- 
scopically a soft or keratinizing squamous-cclled car- 
cinorna was found in all cases. This kind of cancer is 
seen in the small group of cases in which an external 
stimulant, here starting from the chronically ulcerated 
wall of the cavity, is the inciting cause of malignancy. 

O. S'enbauer. 


Bronchogenic Carcinoma : Diagnosis by Microscopic 
Examination of Sputum and Bronchial Secretions ; 
Preliminary Report. Woolner, L. B., and 
McDonald, J. R. (1947). Proc. Mayo Clin., 22, 369. 

The subject of the identification of tumour cells in 
sputum and bronchial secretions is reviewed, and the 
writers record their observations in 70 cases in which 
there were positive findings. They give illustrative 
examples of these, and conclude that a positive result may 
be expected in at least 80% of cases of bronchial car- 
cinoma. [In the opinion of the abstracter this is Ipcely to 
prove an over-optimistic estimate.] The paper points out 
that a negative result does not exclude the presence of 
carcinoma, that considerable experience is necessary to 
distinguish neoplastic cells from others, and that "peri- 
•phera! carcinomata not involving large bronchi usually 
giv'e negative results. The authors’ findings were negative 
also in cases of bronchial adenoma. R. A. fVillis. 


Invasion of the Internal Mammary Lymph Glands in 

Carcinoma of the Breast. Handley, R. S., and 

ThaCKRaY, a. C. (1947). Brit. J. Cancer, 1, 15. 

In 5 unselected cases of carcinoma of the breast a 
lymph node of the internal mammary chain was removed 
through the secondary intercostal space at, or shortly 
after, radical mastectomy. In 4 cases the internal 
mammary node was histologically proved to contain 
carcinoma. In only 2 cases were there axillary deposits. 
The case in which the internal mammary node was free 
from growth also had no deposit in the a.\illa. It is 
suggested that the technique of radical mastectomy 
might be modified to include removal of the second- 
space internal mammary lymph node. Microscopical 
e.xamination of this node might greatly increase the 
accuracy of prognosis and prove of assistance in post- 
operative treatment by irradiation. R. A. If'illis. 


Dvsgerminoma Orarii. Mazel, M. S. (1947). Amer. J. 

Obstet. Gynee., 53, 1036. 

A review of some of the literature on dysgerminotra 
ovarii is given, with particular stress on the malignancy 
of the condition and the need for radical operation even 
in young women. The author reports a case in a single 
woman, aged 23. 


The Question of Thecarcell Tumours of the Ovaiy" and 
their Hormonal Function. (Zur Frage der TTiekazell- 
tumoren des Ovariums und ihrer hormonalen Funk- 
tion.) Limburg, H. (1947). Z. Geburtsh. Gvrak., 128, 
186. 

Five cases of theca<ell tumours accompanied by post- 
menopausal h.vperplasia of the endometrium arc des- 
cribed. In 1 case, 3 years after partial removal of a theca- 
cell tumour the residue had developed into a simple 
fibroma. It is probable that all fibromata of the ovary 
are end-products of thcca-ccll tumours, analogous to the 
corpus fibrosum. Oestrogenic ovarian tumours fall into 
three related groups: (I) pure granulosa-ccll tumours. 
(2) theca-cclI tumours, (3) mixed granulosarccll and 
thcca-ccll tumours. Luteinization may take place in anv 
of these. The paper includes an account of a mixed 
granulosa-ccll and thecarccll tumour in a child of 2 vears 
with precocious puberty. /j. 
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Uterine Adenomyosis, Incidence, Symptoms, and Path- 
ology in 1,856 Hysterectomies. IIunti-r, W. C., 
Smith, L. L., and Reiner, W. C. (1947). Atner. J. 
Obslet. Gy/iec., 53, 663. 

Adenomyosis was found in 517 cases (27.8%) of 1,856 
hysterectomies performed for all causes. The two 
youngest subjects were each 27 and the oldest (carcinoma 
also present) 73. While most patients were between 41 
and 50, 38 were under 35. Since adenomyosis occurs so 
often in association with leiomyoma of the uterus it is 
difficult to evaluate its symptomatology. For this purpose 
110 cases of advanced adenomyosis without associated 
pathology were chosen. Of these, 85 had menorrhagia, 
61 dysmenorrhoea, 42 metrorrhagia, 23 pain before 
periods, 9 dysuria and frequency, 7 pain radiating down_^ 
legs, 6 bearing-down sensations, and 5 nausea and' 
vomiting. Nearly all had cither some menstrual irre- 
gularity'or dysmenorrhoea. A globoid, slightly enlarged, 
and tender uterus was usually discovered bimanually. A 
uterus with leiomyoma and adenomyosis was more 
tender than one with leiomyoma only. 


Granuloma of the Fallopian Tube due to Surgical Glove 

Talc. Silicious Granuloma. Roberts, G. B. S. 

(1947). Brit. J. Siirg., 34, 417. 

An account is given of granulomatous lesions (2 in 
abdominal scars and 5 in Fallopian tubes) in which the 
author ascribes the aetiology to talc from surgical gloves. 
In spite of a latent period of several years (2 to 17) in 
which the agent appeared to be dormant, the lesion when 
activated developed within 2 months in 1 case. The 
silicious nature of the substance deposited, demonstrated 
in each case with the polarizing microscope, was proved 
microchemically in only 1 case. Cultures or animal 
inoculations were not performed, so that tuberculosis 
may have co-existed. Amongst other clinical features, 
pelvic pain and infertility are mentioned. 

(The author questions a diagnosis of tuberculosis 
made on histological grounds only. But if these granu- 
lomata arc due to talc, the danger of the continued use 
of this form of glove powder must again be considered.] 


Hisfopathological Study of Prostatic Tissue following 
Endoscopic Prostatic Resection. Barnes, R. W., Berg- 
man, R. T., and Farley, S. (1947), J. Urol., 57, 755. 

The authors have studied the pieces of tissue removed 
by transurethral resection of the prostate. They have 
found that portions removed posteriorly from near the 
capsule arc much more likely to show carcinoma than 
those from any other site. 


Giant Follicular Lymphoblastoma (Brill-Syminers’ 
Disease). Pantridge, J. F. (1947). Ulster nted. J., 
16, 46. 

This is an account of 7 cases of giant follicular lympho- 
blastoma. The author considers that the disease is little 
less than half as common as lymphosarcoma, and that 
some 27% of lymphosarcomata arise from a preceding 
follicular lymphobl.astoma. It is thought that many 
cxiscs of lymphoblastoma arc unrecognized because early 
sarcomatous chafige completely obscures the hyperplastic 
process. 

R. B. Lucas. 


The Importance of Malignant Degeneration ns a Complica- 
tion of Chronic Ulcerative Colitis. Cattell, R, B., 
and Boeiime, E. J. (1947). Gastroenterology, 8, 695. 

Data arc presented suggesting that malignant disease 
may be found to complicate chronic ulcerative colitis in 
a small but significant percentage of cases if clinic.al 
observation is sufficiently prolonged. 

Pcriiieious Anemia and Susceptibility to Gastric Neo- 
plasms. Kaplan, H. S., and Rigler, L. G. (1947). 
J. Lab. din. Med., 32, 644. 

The authors review the literature on the coexistence of 
epithelial gastric tumours and pernicious anaemia, and 
claim that the two diseases develop in the same indi- 
viduals more often than would be expected on the basis 
of chance alone. 

The precise nature of the relation between pernicious 
anaemia and gastric carcinoma is not clear. The authors 
believe that the evidence suggests that the two diseases 
are probably linked together by some common factor. 
Possible factors would, include hereditary tendencies, 
achlorhydria, gastritis, and liver therapy. 

R. Winston Evans. 

Rare Tumours of the Lacrimal Caruncle, (Scltene 
Gcschwulstc dcr Caruncula lacrimalis.) Radnot, M. 
(1947). Ophtbalntologica, Basel, 113, 270. 

Two tumours of the lacrimal camnclc arc reported in 
elderly men. In the first case the tumour was ascribed 
to an acccssoiy' lacrimal gland. In the second the tumour 
was malignant and appeared to be a sarcoma of a 
vascular origin. 

Pigmented Tumours. Reese, A. B. (1947). Amer. J. 
Ophtbal., 30, 537. 

An exposition and classification of the pigmented 
tumours of the eye and its adnexa, which may be 
summarized according to the origin of the melanoblasts 
as follows: 

1. Neurogenic melanoblasts 

(a) Schwann cells'] Benign and malignant ncuro- 

(b) Naevus cells / genic melanoma. . , 

(c) Melanoblasts of secondary optic vesicle giving 

rise to ; . 

(i) Tumours of pigment epithelium of retina 
or ciliary body: benign and malignant 
neurogenic mclano-ephhclioma. 

(ii) Tumours of muscle of iris: leiomyoma. 

(iii) Tumours of pigment epithelium of ms: 
dictyoma. 

(d) Melanoblasts of leptomeningcs : mclanoblastic 

mcningiomata. , 

2. Ectodermal melanoblasts: prc-canccrous and 
cancerous melanosis of lids and coiy'unctiya. 

3. Mesodermal melanoblasts of uvea: benign and 
malignant chromatogenic melanoma. 

Fluorescein as an Agent in the Differentiation of Nornial 
and Malignant Tissues. Moore, G. E. (1947). 
Science, 106, 130. 

The author injected 5 ml. of 20% sodium fluorescein 
intravenously into patients suspected of having malignant 
neoplasms, and examined the tissue with an ultnaviolet 
jamp emitting rays at about 3,600 degrees. When the 
interval from injection to examination was between 3 and 
8 hours a difference between normal and malignant 
tissues was observable. In patients subjected to laparo- 
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tomy for gastric carcinoma, implants of tumour tissue 
on the peritoneal surface were readily seen, because 
they fluoresced with a vivid yellow colour. When the 
tumour tissue was more than a few mm. below the surface 
no fluorescence was observed, presumably because of 
the failure of ultraviolet light to penetrate the tissue. 
Of 46 neoplasms of difterent organs e.xamined by this 
technique, 31 exhibited a high degree of fluorescence, 6 
only slight fluorescence, and 9 none at all. In each rase 
malignancy' was confirmed by histological examination. 
Carcinomata of the colon, stomach, and breast were less 
likely to fluoresce, but the best results were obtained 
with brain tumours. With subcortical lesions the method 
has been of particular value. Tumour tissue taken from 
suspected areas by ^iration-needle biopsies was 
readily recognized by its exaggerated fluorescence in 
ultra-violet light. A source of confusion in studying 
fluorescence of abdominal masses is introduced by the 
fact that areas of oedema and cyst formation may retain 
the dye'for many hours. R. J- Ludford. 

Meningral Gliomatosis. A Study of Forty-two Cases. 
PoL-METEER, F. E., and Kernohan, J. W. (1947). Arch. 
Neurol. Psychiat., Chicago, SI, 593. 

The authors have collected 42 rases of “meningeal 
gliomatosis” over a period of 20 years. In 47.6% of 
cases the primary tumour was a medulloblastoma, in 
14.3% glioblastoma multiforme, in 11.9% eper.dynoma 
or ependymoblastoma, in 11.9% oligodendroglioma or 
oligodendroblastoma, in 7.1% astrocytoma, in 4.8% 
retinoblastoma, and in 2.4% pinealoma. In the 42 cases 
reviewed there was no instance of metastasis outside the 
central nervous system. The paper includes a brief 
review of the subject of glial heteropia, first described by 
Wolbach in 1907. 

Involvement of the Nervous System by Malignant 
Lymphoma. Sparling, H. J., Adams, R. D., and 
Parker, F. (1947). Medicine, Baltimore, 26, 285. 

The authors classify malignant lymphomata into 6 
types: (I) lymphocytoma, lymphocytic lymphosarcoma, 
and lymphatic leukaemia; (2) lymphoblastoma, lympho- 
blastic lymphosarcoma, and lymphatic leukaemia; 
(3) giant follicle lymphoma; (4) Hodgkin's disease; 
(5) rcticulum<ell sarcoma; (6) plasmocytoma and 
myeloma. They report 19 cases of involvement of the 
central nervous system among 118 cases of lymphoma 
examined at the Mallory Institute of Pathology between 
1930 and 1945. In all forms paraplegia due to invasion 
of the spinal epidural space by growth may occur, and 
it is the common neurological lesion in giant<elled 
lymphoma, Hodgkin's disease, rcticulo-sarcoma, and 
plasmocytoma. The authors adduce evidence that the 
damage to the cord may be doc to vascular disturbances. 
Hodgkin’s disease and reticulosarcoma may, however, 
appear as intracerebral tumours. In leukaemia and 
lymphosarcoma there may be diffuse infiltration of the 
meninges and nerve roots, but the most frequent lesion 
is one or more cerebral haemorrhages. TTie authors 
give full clinical and pathological descriptions of the new 
cases and comment on those pieviously reported. 

J. G. G’-cenfield. 

Oa the Origin of Hcp.arin. An Examination of thc 
Heparin Content and the Specific Cyioplasmic Particles 
of Neophistic Mast Cell. Olives. J.. Blocm, F., and 
Manc.ieri, C. (1947). J. exp. mcd.. 86. 107. 

Tlie authors have estimated the heparin content of 


two mast-cell tumours in dogs. The first contained 
50 times, and the second 1.7 times, as much heparin, 
weight for weight, as normal dog’s liver. The findings 
support the theory that the mast cells produce heparin. 

The Examination of Serous Fluids by the Cell-block 
Technic. Chap.vian, C. B., and Whalen, E. J. (1947). 
A'cjv Engl. J. Med., 237, 215. 

This is an analysis of the results ofcytological e.xamina- 
lion of pleural and peritoneal exudates by the method of 
sectioning a “false tissue” centrifuge deposit. At the Bos- 
ton City Hospital during the last 154 years 833 samples of 
fluid have been so examined. The material came from 
666 patients, in 102 of whom positive results for new 
growth were obtained. Of 1 14 cases in which malignant 
disease was found at necropsy or biopsy, cell-block 
preparations were positive in 47. The diagnostic criteria 
were rather more stringent than those often employed 
elsewhere. For a positiv'e dia^osis the authors require 
that fully or partly formed acini or sheets composed of 
cells showing definite evidence of anaplasia should be 
present. D. H. Collins. 

Significance of the Cell Types of the Human Islets tf 
Langerhans in Islet Function and Diabetes Mellitus. 
(Die Bedeutung der Zelltypen des menschlichen 
Inselapparats fiir Inselfunktion and Diabetes melli- 
tus.) Terbruggen, a. (1947). Klin. H'sclf., 24 25, 
434. 

Employing a technique similar to that used in animals 
by Lane and Bensley, the author has examined the 
number of a- and g-cells in the pancreas of normal and 
diabetic men. There is in diabetic subjects both a 
relative and an absolute reduction in the number of 
P-cells in the islets of Langerhans and this reduction 
seems to be responsible for the disease. The ratio of 
a-cells to !3-celIs in normal adults has been found to be 
from 1 : 3 to 1 : 5. In juvenile diabetic patients (those 
who died before the age of 40; 8 cases) the ratio was 
mostly from 1 : I to 1 : 2 and was in no case higher than 
1:3. Results in diabetic subjects over 40 (IS cases) 
were not so clear. Here the results are complicated by 
other changes in the islets, especially hyaline degeneration 
and sclerosis, but in islets not hyalinized' and not 
sclerosed the same diminution of 3‘CeIIs has been 
observed. In hypcrinsulinism a relative diminution of 
the p<ells has also been observed ; this may be explained 
as an adaptation. In adenomata of the islands very 
few x-cells are seen. The ^-cclls obviously do not 
originate from the a-cclls; the latter may represent a 
stage of rest or be regarded as a special kind ofccll. 

O. Neubauer. 

The Histopathology of Acute .Mumps Orchitis. Gall 
E. .A. (1947). Amcr. J. Path., 23, 637. 

During an epidemic of mumps among adult males, 
orchidotomy was practised for acute mumps orchitis and 
biopsies of testis from 75 such ca'es were taken, the 
majority within 48 hours of onret and none later than 
the fifth day. Necropsy material was obtained from 1 
patient who died of pulmonary embolism II davs after 
the onset of orchitis. Stages of degeneration and 
inflammation arc dcscritciL Complete atro^hv is 
unusual, although permanent focal damage may’rc'ult 
Owing to the interval of 1 1 days between onret of orchitis 
and death, the lesions were more intent' and the pro^-'es 
of repair became more ar,''armt; fibro'is and hv.-i'iniza- 
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tion of the lamina propria of the aflected tubules were 
beginning, macrophages were more numerous, and 
polymorphs were scarce. Several groups of tubules 
showed actively proliferating normal epithelium. 

Specimens of epididymis revealed interstitial changes 
similar to those in the testis. The epithelium seemed 
normal, but the lumina were filled with plugs of debris 
coming from the damaged tubules. 

Dysontogenetic Pituitary Cysts. (Pituitary Cachexia in 
Childhood.) Barr, H. S. (1947). Arch. Di.s. Chilith., 
22, 118. 

Two cases of pituitary cachexia in childhood were due 
to large colloid cysts of Rathke’s deft with pressure 
atrophy of the anterior lobes. The designation “dysonto- 
genetic pituitary cysts” for this type is proposed. The 
reasons are pointed out why the designation “tumours 
of Rathke’s pouch” for carniopharyngiomata is con- 
sidered to be a misnomer. The pituitary cachexia was 
associated with syringomyelia in one ease and with 
fibrocystic dystrophy of the pancreas in the other. The 
possibility of a causal link between tlie latter and the 
pituitary disease is discussed. — [From the author’s 
summary.] 

Hypercalcemia and Idiopathic Hyperplasia of the Para- 
thyroid Glands in an Infant. Pratt, E. L., Geren, B. B., 
and Neuhauser, E. B. D. (1947). J. Pediat., 30, 3SS. 

An infant was studied from the age of 15 weeks until 
'its death at 10 months. The leading symptoms were 
weakness, hypotonia, lethargy, anorexia, and malnutri- 
tion. Investigations revealed a constantly high blood 
calcium with low urinary calcium excretion and deficient 
renal function. Radiographs of bones showed some 
hypocalcification, and biopsy revealed fibrosis of the 
marrow spaces. 

At necropsy there was very slight enlargement of the 
parathyroids, which microscopically showed lack of 
stroma, great ccllularity, and increase in chief cells and 
transitional water-clear cells. Some ncphrocalcinosis 
and a calcium plaque in the aorta were seen, but no other 
metastatic calcification was observed. . The bones showed 
osteitis fibrosa.' No satisfactory explanation is ofl’ercd 
for the app.irontly unique association of hypercalcacmia 
with, chief-cell hyperplasia. 

N. M. Jacoby. 

Myelolipoma of the Adrenals. Report of Seven Cases. 
Giffen, H. K. (1947). Amer. J. Path., 23, 613. 

Seven examples of heterotopic development of bone 
marrow in the adrenal glands are described, 4 with 
yellow and 3 with red marrow; all were in middle-aged 
or elderly people, none of whom showed significant 
anaemia. The cause and histogenesis of the change arc 
obscure. R. A. WUUs. 

Polycystic Disease of the Kidney. A Review. Lambert 
P. P. (1947). Arch. Path., 44, 34. 

It has been proved by serial sections that the cysts in 
neonatal , cases do not communicate with the pelvis; 
these p.Tticnts survive for only a short time. Although 
the adult type is clinically so different (in that the patient 
often lives to middle age), it has generally been assumed 
that the cysts were also closed in this type. Cysts in 
adult cases had not been studied in serial sections because 
of their size, but this has now been done in 5 adult cases 
with unexpected results. 


Cysts arc classified as: (I) Glomerular cysts: these 
have a normal glomerular tuft and granular content. 
They never communicate with the pelvis in cither adult 
or neonatal cases. (2) Tubular cysts: these have a 
colloid content. They communicate with the convoluted 
tubules or loops of Hcnlc, and in adult cases the nephrons 
thus aDecled generally communicate with the pelvis. 

(3) Excretory cysts, connected with the collecting 
tubules. All the above may be simple or complex. 

(4) Cysts of the caliccs. 

The author produces evidence that the nephrons 
connected with tubular and excretory cysts function 
normally, thus accounting for survival of these cases into 
middle age. The author discredits previous theories of 
the genesis of the disease, and it is clear that non-union 
of ureteric tubules and nephrons will not account for 
the formation of cysts which communicate with open 
tubules. D. M. Prycc. 

Acute Liver Necrosis in Fulminating, Infectious Hepatitis. 

Taylor, H. E. (1947). Anicr. J. din. Path., 17, 314. 

Four fatal cases of fulminating liver necrosis in 
infectious hepatitis, homologous scrum jaundice, and 
arsenothcrapy jaundice have been presented. The length 
of illness w'as 4 or 5 days. The essential lesion was an 
extremely rapid diffuse necrosis and disintegration of the 
parenchymal liver cells. No normal cells were found in 
the many blocks examined. There was an associated 
mcningo-cnccphalilis in 2 cases. — [From the author’s 
summary.] 

The Pathology of Epidemic Hepatitis. Mallory, T.B. 

(1947). J. Amer. met). Ass., 134, 655. 

Biopsies of liver from 160 patients in various stages of 
the disease, and necropsy material from 296 cases have 
been studied. Histological stages of the disease arc 
described. 


Studies of Gaucher Cells. (Etudes sur la “cellule de 
Gaucher.”) Franco, S.. and Wolman, M. (1947). 
Sc/nreiz. Z. Path. Bakt., 10, 621. 

A staining method is described for the demonstration 
of keratin in the spleens of patients who died from 
Gaucher’s disease. Frozen sections of formalin fixed 
tissue arc treated with ether and acetone to remove the 
fat; after the sections have been exposed for 30 seconds 
to boiling water at/;H 4 they arc stained with Sudan IB. 
The method is specific for ccrebrosides, and in the cases 
described for keratin. — [From the author’s summary.] 

The Cutaneous Lesions in Acute Mcningococceniia. A 
Clinical and Pathologic Study. Hill, W. R.. and 
Kinney, T. D. (1947). J. Amer. med. Ass., 134, 513. 

This paper describes the pathogenesis of the cutaneous 
lesions in acute meningococcacmia, through the stages 
of endothelial damage, inflammatory necrosis, and 
thrombosis. The first is responsible for the purpuric 
rash sometimes proceeding to local gangrene. In the 
early stages histological examination may show des- 
quamation of vascular endothelial cells, which elsewhere 
may exhibit phagocytosis of cocci. Invasion by polymor- 
phonuclear leucocytes follows, many cells displaying 
active phagocytosis. Platelet thrombi, becoming organ- 
ized in the later stages, were most commonly found 
in deeper vessels of the cutis, though the superficial 
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capillaries were'also involved. The stained sweat glands 
were abnormally pale, their cytoplasm appearing swollen 
or vacuolated, the result of interference with the blood 
supply of the gland. The hair, muscles, and nerves 
showed similar degenerative changes and focal necroses 
were seen in subcutaneous fat. Similar vascular lesions 
were found in many other organs and are by no means 
limited to the skin. The authors suggest that the forma- 
tion of thrombi may cause thrombocytopenia and thus 
lead to purpura. They say that in 2 cases without 
purpura the platelet count was normal. Other workers, 
however, have found normal platelet counts in patients 
showing a purpuric rash. R. H. D. Short. 

Transitory Diabetic Ss-ndrome associated with Mcningo- 
coccie Meningitis. Fox, M. J., Kuzma, J. F., and 
^VASHAM, W.T. (1947). Arch. iiit. Med., 79, 614. 

In 233 cases of meningococcal meningitis, 1 in 4 
showed transient diabetes mcllitus. Fortunately, if the 
septicaemia is well and promptly treated the diabetic 
syndrome subsides. In 5 cases a svrong diagnosis was 
made, and the patient, who was in fact suffering from 
meningococcal septicaemia, was deemed to be in a state 
of diabetic coma and treated accordingly. During such 
a mistaken course of treatment irreparable damage may 
be done to the tissues and viscera. Seventeen cases were 
e.xamined at necropsy, but the findings do not sustain 
the contention that glycosuria in meningitis may be due 
to damage to the pituitao" as all the viscera, especially 
the liver, thyroid, spleen, pancreas, and adrenals, 
showed damage. G. F. Walker. 

Histopathologic Changes Associated with Human Polio- 
myelitis, SCHEINKER, M. (1947). Arch. Meiirol. 
Psychiat., Chicago, 57, 565. 

The results of studying 6 cases of acute anterior 
poliomyelitis support the now generally held view that 
this disease of the central nervous sytem is not as focal 
as w-as formerly thought but can be widespread in its 
incidence. The author finds no direct parallelism between 
the neuronal destruction and the inflammatory reactions 
in the mesoderm. Cellular infiltration, for instance, is 
most intense in the medulla and midbrain, especially in 
the vicinity of the nucleus ambiguus, substantia nigra, 
and aqueduct, in all of which places neuronal destruction 
>s slight compared with that in the anterior horns of the 
spinal cord. These cases, in that they e.xhibited massive 
inflammatory changes in the region of the vagal nuclei, 
tend to support the view that the virus may spread from 
the upper pan of the alimentary tract to the brain 
through the fifth, seventh, ninth, and tenth cranial 
nerves. IF. M. McMenenty. 

A Clinico-Pathological Report of Unusual Cases of 

Chronic Encephalitis. Ros.vNOFf, W. R. (194"). J. 

Sciirol. Xeiirotitirg. Psychiat., 10, 65. 

. Three cases of encephalitis arc described. All were 
insidious in onset and progressive over periods varying 
from 4 months to 5 years. They were characieri/cd by 
intense inflammatory changes widely distributed through- 
out the brain. Case 1 was distinguished by a particularly 
severe involvement of the cerebral white matter which 
closely resembles the ■‘leuco-encephalitc sclerosante 
siibaigue" of van Bogaert. The second had a positive 
iron reaction. In the third there was the combination of 
diffuse and focal cystic lesions characteristic of some of 
the extra-European types of epidemic cncephahns.- 
(From the author's summary.) 


Deposition of Iron in Paraventricular Areas of the Human 

Brain in Hemochromatosis. Ca.x!.\iermeyer, J. (1947). 

J. Neuropath, exp. Neurol., 6, 111. 

The author studied the deposition of iron pigment in 
the brain in a long-standing case of haemochromatosis 
and compared his finding with the results of injections 
of vital dyes by Wislocki, King, and others. He con- 
cludes that the deposition of iron in the paraventricular 
areas of the brain is related to structural and functional 
peculiarities of the blood vessels in these areas. 

J. G. Greenfield. 


Studies on Typhoid Pneumonia. Communication I. 
- Pneumonia Types in Typhoid Fever (in Russian). 

Lazovskv, Y. M., Kudravitseva, E. N., and Melntk, 

E. G. (1947). Klin. Med., .Mask., 25, 35. 

The authors examined 35 cases of pneumom'a in 
typhoid fever and concluded that although 15 were of the 
hypostatic type, 20 showed changes which they con- 
sidered specific for typhoid pneumonia and which 
resembled the lesions found in the alimentary canal.' 
Whole lobes were often involved, and pneumonia was 
bilateral in 13 cases. 


Pulmonary Vascular I.esions in Silicosis and Related 
Pathologic Changes. Geever, E. F. (1947). Amer.J. 
med. Set, 214, 292. 

An analysis is made of the vascular lesions in 43 
unselected and consecutive cases of pulmonary silicosis. 
In 26 there was hypertrophy of the right ventricle 
attributable to the silicosis alone. Changes in the lung 
parenchyma are also described. 


Lymphogranuloma X'enereum. Histologic Study of the 
Primary Lesion, Bubonulus, and Lymph Nodes in Cases 
Proved by Isolation of the \'irus. ShtELDON, W. H., 
and Hey.man, A. (1947). .-tmer, J. Path.. 23, 653. 

The .authors suggest that the histological appearances 
of biopsy specimens are sufficiently typical to enable 
diagnosis to be made with reasonable certainty. Their 
observations are based on examination of material 
obtained from 12 cases of the disease in which the diag- 
nosis had been confirmed by large numbers of tests, both 
clinical and laboratory. In S of these cases absolute 
proof was obtained by isolation and identification of the 
v'irus from material derived from the lesions. 

The earliest lesion is the formation of foci of larcc 
mononuclear cells in the adventitia of the small blood 
vessels or, in the case of the lymph nodes, in the cortex 
just beneath the marginal sinus. The proliferation 
proceeds to involve all the coats of the blood vessels and 
eventually obliterates their lamina by compression, and 
without the vascular endothelial proliferation or throm- 
bosis usually stated to take place. Similar chances affect 
the sinuses and small capillaries in the lymph nodes, so 
that small granulomata arc produced.’ Tlieir centres 
undergo ischaemic necrosis and numerous polymor- 
phonuclear leucocytes appear. Thus small abscesses 
arc formed which by fusion .'brm larger ones and. if the 
lesion be near the skin, as m the case of the primary- 
lesion panicularly. the cp. dermis breaks down .and an 
ulcer is formed. Peripherally t.he abscess is surro'jnded 
by a ring of mononuclear cells, o-jis-de which a few giant 
cells may be found together v.ith plasma cells and 
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lymphocytes in small numbers and a very occasional 
eosinophil leucocyte. Fibrosis was scarcely noticeable 
in the acute stages, and was present only to a small 
degree in the node removed from the patient in whom the 
disease had been cured. The authors found the eosino- 
philic intracytoplasmic inclusions, or “gamma bodies,” 
only after necrosis had taken place, and believe that they 
are merely debris phagocytosed by the mononuclear 
cells and bear no relation to the virus of lymphogranu- 
loma. No elementary bodies were found. 


Temporal or Giant-Cell Arteritis. RoonaTSON, K. (1947). 

Brit. Hied. J.,2, 168. 

Details are given of 4 cases of temporal arteritis met 
with in a period of a little more than a year, 2 of which 
were proven by biopsy. The patients were aged 65 (2), 
73, and 65. In 3 cases the erythrocyte sedimentation rate 
was high for a considerable time. The blood urea is 
normal. Progressive secondary anaemia and mild 
leucocytosis were present. The disease is self-limited 
.and rarely fatal, and treatment is entirely symptomatic. 
It differs from periarteritis nodosa in that the latter 
attacks younger people; the visceral vessels in periar- 
,teritis_ nodosa suffer severely, the blood urea is almost 
always raised, and the mortality from the disease is high. 

5. Oram. 


Ostropetrosis ; Albers-Sclionbcrg Disease (Marble Bones). 
Report of a Case and Morphologic Study. Pinhs. B., 
and Lederer, M. (1947). Amer. J. Path., 23. 755. 

The autliors review the literature and present details 
of the necropsy and histology of the bones in an infant. 
The original paper should bo consulted. 


' Nodular Inflammatory and Degenerative Lesions of 

Muscles from Four Hundred and Fifty Autopsies. 

Clawson, B. J., Noble, J. F., and Lufkin, N. H. 

(1947). Arch. Path., 43, 579. 

In small biopsies of skeletal muscle in rheumatoid 
arthritis Steiner et al. found chronic inflammatory foci 
composed mainly of lymphocytes in each of 9 cases. 
They also noted various degenerative lesions in the muscle 
fibres. They found no similar lesions in a control scries 
of 196 necropsy specimens, and considered them specific 
and indicative of an infective aetiology. The present 
authors found lymphocytic foci in 39% and degenerative 


lesions in 25% of 44 clinical cases of rheumatoid arthritis. 
They noted lymphocytic foci in 26% and degenerative 
lesions in 42% of 450 controls. The incidence increased 
with age. The muscles most 'commonly affected were 
the diaphragm and sacro-spinalis. Although more 
common in association with rheumatoid arthritis, the 
lymphocytic infiltrations are not specific. 

D. A/. Prycc. 


Deaths Following Use of Abortifacient Paste. Report of 

Two Cases. Kulka, \V. (1947). Amer. J. din. Path., 

17. 723. 

The necropsy findings arc dc.scribcd in 2 patients in 
whom death followed the injection of tin abortifacient 
paste. In 1, dcatli occurred 2] monthsafterthcattcniptcd 
abortion. Necrosis of the uterine svall. paramctrial 
abscesses, and generalized peritonitis were found. The 
second patient died suddenly of pulmonary embolism 
within a few hours after an attempt to cause abortion by 
intrauterine injection of the paste. The emboli were 
composed of fatty material and particles from the 
damaged chorionic villi. There was necrosis of some 
of the villi and vessels of the uterine wall but no apparent 
changes in the embryo or the embryonic sac. The 
presence of a pasty material was demonstrated by the 
technique used as a routine for the demonstration of fat 
but the staining reaction was diflcrcnt from that of fat.— 
[Author s summary.] 


Sudden Deaths of Infants Allegedly Due to Mechanical 

Suffocation. Werne, J.. and Garrow, I. (1947). 

Aiiwr. J. paid. Hlth, 37, 675. 

During the p.ast 15 years 167 consecutive cases of 
infants ordinarily certified under the heading of “acci- 
dental mechanical suffocation” have been investigated 
by the authors. In no case did they find that an infant 
had been suffocated. In 43 cases necropsy alone was 
sufficient to determine that death was due to a natural 
cause, mainly upper respiratory tract infection. In the 
remaining 124 cases histologieal study showed that 
fulminating respiratory disease was the most likely 
explanation for death in all except 15, in 6 of which no 
tissues were available for microscopical examination- 
An examination was made of 67 other infants who had 
died suddenly in circumstances in which there could be 
no possible allegation of smothering. In these, acute 
respiratory disease was the usual cause of death. 
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EDUARD FFOLLIOTT CREED 


It is with sorrow that we have to record the sudden 
death of Edward ffolliott Creed at the age of 54 
during his convalescence from a severe illness. He 
was one of the original members of the Association 
of Clinical Pathologists. He had succeeded W. D'Este 
Emery as director to the Pathological Department at 
Kings College Hospital in 1921. TTiere had been 
several months' delay in filling the post, perhaps 
because of doubts in the minds of his colleagues due 
to his relative youth and inexperience. These doubts 
were soon set at rest and the Department flourished 
under his care. 

Creed was largely responsible for what was, in the 
early nineteen-twenties, an innovation in teaching 
hospitals — namely, the creation of a post of resident 
assistant clinical pathologist. His intention was 
probably twofold: first, to introduce the budding 
physician or surgeon to a working knowledge of 
laboratory methods in clinical medicine, and help 
him not only to understand clinical medicine the 
better but also, and perhaps more important, to 
appreciate the value and limitations of laboratory 
methods ; secondly, to provide the early training 
ground for the clinical pathologist of the future. 
This was a very necessary provision, because up till 
then almost the only way for one who wished to 
become a clinical pathologist was to enter a university 
pathological laboratory as a junior demonstrator and 
go through a training which, though of great value 
educationally and scientifically, often failed to pro- 
vide all that was needed for one who would be in 
charge of a clinical laboratory. The resident patho- 
logist also learnt to bridge the gap between bedside 
and laboratory, on the one hand helping his colleagues 
the house physician and house surgeon to use the 
laboratory more efficiently and less wastefully ; and 
on the other, keeping the laboratory closely in touch 
with what was going on in the wards. Creed felt 
strongly the constant need for this close association, 
and resisted all m.easures which threatened it. such as 
the siting of laboratories at distances from the wards. 
Puri po'isii he was not attracted by postal pathology. 


and he tolerated it only because of the exigencies of 
the time. 

H. A. Osborn was the first. Terence East the second 
holder of the new post. I was the third, and there 
base since been a succession of trainees who are now 
scattered over the country, many of them running 
laboratories ; some, practising in other fields, now 
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know that their spell in clinical pathology under his 
guidance was time well spent. 

To one closely in touch with him over the last 
quarter of a century, an outstanding feature in his 
character was his humility and tolerance, shown even 
to the callow and the ignorant. He remained free 
from the accretions of dogma and self-assurance 
which are apt to clog the minds of teachers in their 
fifth or sixth decades. His humility was genuine, and 
prevented him from publishing work which ought to 
have been published long since — for example, his 
careful and critical elaboration and assessment of the 
technique of blood fragility estimation, which he did 
not publish for some fifteen years. His humility 
was not due to any lack of critical faculty ; he was 
quick in finding weak spots in an argument. Some of 
us can recall the quiet way in which after a meeting 


he could on occasions tear to pieces an elaborate and 
convincing thesis. 

He was a pupil of Georges Dreyer, of Oxford, and 
was essentially a clinical pathologist. His intcre.st 
always lay in the practical application of pathology 
to medicine. He was too occupied in perfecting tech- 
niques for routine work to tackle more basic prob- 
lems. He upheld the tradition that the pathologist 
should be constantly at the bedside, and as his interest 
lay in clinical problems his heart was in his work. 

A careful and patient teacher to the many, to the 
few who knew him well his loss will be keener and 
more personal. They will miss a delightful and 
sympathetic companion, perhaps a trifle reserved, but 
one whose conversation, full of wisdom, was lit by 
frequent shafts of whimsical humour. 

C. H. WHiTTf.r. 


We regret to record the death of Professor James McIntosh, Director of the Biand-Sutton Institute of Pathology, 
Middlesex Hospital, and Professor of Pathology in the University of London. 
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GIANT-CELL OR TEMPORAL ARTERITIS : A REVIEW 

BV 

C. V. HARRISON 
Postgraduate Medical School of London 

(RECEIVED FOR PUBLICATION', lUSE 21, 1948) ' 


Historical 

The first case of what is now-known as temporal, 
cranial, or giant-cell . arteritis was published in 
1890 by Jonathan Hutchinson. He described how 
the 80-year-old father of a London Hospital 
beadle came to him corhplaining that he could not 
put his hat on because of painful swellings in .his 
temples. These proved to be red, inflamed, swollen 
temporal arteries which subsequently lost their 
pulsations and were left as hard cords after the 
condition healed. The man recovered and lived 
for a -number of years. The next case was re- 
corded in 1930 by Schmidt. His patient showed 
the characteristic clinical picture and is of interest 

L^usv.i.t'xr.-.tivijed an intracranial aneurysm, a 
complication which has since been recorded in one 
other -case (Andersen, 1947a). In 1932, Horton, 
Magath and Brown, of the Mayo Clinic, described 
two -cases and, being presumably unaware of 
..Ilufchjnson’s and Schmidt’s cases, regarded them 
as examples of a new disease and gave the condi- 
tion the name of “temporal arteritis.” They 
believed that the disease was limited to these 
arteries and followed a benign course free from 
complications. In 1934 and 1937 they recorded 
five further cases. In 1934 Paviot and others 
recorded the first case from France, but they did 
not mention any previously published cases and 
do not appear to have recognized the significance 
of their case. It is, however, interesting to note 
that their patient showed signs of involvement of 
the carotids as well as of the temporal arteries. 
In 1935 Barnard described the post mortem find- 
ings in a woman who had shown some of the signs 
of temporal arteritis and who had become blind. 
.The temporal arteries were not described either 
in the clinical or autopsy account, but the descrip- 
tion of the histologj' in the carotid and coronary 
arteries strongly suggests that this was an example 
of what is now caUed “ giant-cell arteritis.” In 
1938 Jennings described the first two British cases 
corresponding to the descriptions of Horton and 
others, and he was the first to recognize blindness 
o 


as a complication of this disease. Since then cases 
have been recorded from U.S.A., Britain, France; 
and Scandinavia ; the total_pf published cases to 
date is 75. . 

Nomenclature 

This disease was first called “ temporal arteritis ” 
by Horton and others in the belief that it was 
localized in these arteries. As further cases were- 
recorded it became apparent that this was_far from 
true. Kilbourne and Wolff (1946), being impressed 
by the frequency of involvement of the . cerebral 
and retinal vessels, suggested the term “cranial 
arteritis,” and this was adopted by Curtis (1946) 
and Meyers and Lord (1948). A few writers have 
included the eponym “ Horton’s disease,” but this 
has fortunately not been followed. Gilmour (1941) 
introduced the title “giant-cell arteritis” and this 
was followed by Robertson (1947). 

None of these titles is satisfactoiy'. The disease 
is far loo widespread in its distribution for either 
“ temporal ” or “ cranial ” to be accurate, and 
giant cells have not been demonstrated in all 
cases. Nevertheless, on the score of simple 
accuracy, “ giant-cell arteritis ” is certainly the best 
title of the three. There is, however, one point in 
favour of retaining .Horton's original term, and 
that is that it draws attention to the -dominating 
and most diagnostic clinical lesion. It seems likely 
that the terms “ temporal ” and “ giant-cell ” will 
flourish side by side. 

Clinical Characteristics 

. (For summary of findings in the reported cases 
see Table.) 

Sex. — The early reports included a high propor- 
tion of women, but since then more cases have 
been reported in men. and the figures now are 35 
men to 40 women, which suggests that there is 
probably no real sex bias. 

Age. — Giant-cell arteritis is a disease of the 
elderly, the mean age of the 75 recorded cases 
being 65.3 jears. The majoritj’ have been over 60, 
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and all but two over 50. The exceptions' were 
women of 22 (Meyers and Lord, 1948) and 23 
(Gilmour, 1941). Gilmour’s case was clinically 
atypical, but the histology of the vessels appears 
to be characteristic; the case of Meyers and Lord 
was a typical one clinically, though the biopsy, 
taken during a recurrent attack, showed only a 
healed arterial lesion. 

Onset. — The disease begins as a vague illness, 
with malaise, anorexia, bodily aches, sweats, and 
often fever. This prodromal stage may last from 
a few days (Bain, 1938 ; Dick and Freeman, 1940) 
up to eighteen months (Cooke and others, 1946; 
Andersen, 1947), but usually lasts about one or 
two months. At the end of this time the patient 
develops pain in the head. This is usually referred 
to the temple, and is severe, often enough to inter- 
fere with sleep. In many cases it is described as 
coming in attacks, of great violence with a dull 
ache between the attacks. The pain usually resists 
ordinary analgesics and may not be fully con- 
trolled by morphia. Soon after the onset of pains 
in the head the temporal arteries become ex- 
tremely tender; they usually appear as tortuous 
nodular cords covered by a red, inflamed skin. In 
the early stages pulsation is still palpable but 
this is usually lost during the height of the disease, 
though it may return later (Profant, 1944). Many 
of the clinical reports refer to the arteries as 
thrombosed; but thrombosis is unusual in the 
descriptions of the histology, and the hard, cord- 
like texture is probably due to a filling of the 
lumen by intimal proliferation rather than by clot. 
Enlarged cervical glands have been noted by 
MacDonald and Moser, 1937, Dick and Freeman, 
1940, Hoyt and others, 1941, and Scott and Max- 
well, 1941. The associated clinical findings are 
usually few. The patients are ill out of proportion 
to the physical signs; they may show mental 
changes (Sprague and MacKenzie, 1940 ; Schaefer 
and Sanders, 1942 ; Broch and Ytrehus, 1946), 
but examination of the central nervous system 
usually reveals no physical signs or only equivocal 
and transitory ones. The blood pressure in these 
patients is most often normal, and the number of 
cases with hypertension is probably no greater 
than would be expected in a control populatiofi 
of this age. Similarly the signs of generalized 
vascular sclerosis are no greater than is likely in a 
random group of elderly people. 

Laboratory findings. — ^Almost every known 
laboratory examination has been performed on 
these patients, and particularly tests for bacterial 
agglutination. These, and also the Wassermann 
reaction, have been consistently negative. Blood 


examination alone has given any reasonably con- , 
stant results. Anaemia of hypochromic type (60 
to 85 per cent haemoglobin) has been recorded in - 
twenty-nine cases ; it is rarely severe. A leucocyte 
count has been recorded in thirty-six cases 
and has varied from normal up to 24,500 
per c.mm. of blood (Profant, 1944), the mean 
figure being 10,500 per c.mm. The blood 
sedimentation rale has been recorded as raised in 
twenty-one cases, and whilst the variety of methods 
used precludes any mean figure, the results re- 
corded have mostly indicated a very abnormal 
figure. This raised sedimentation rate persists 
throughout the course of the clinical illness, and 
may continue for, some time after symptomatic re- 
covery. The cerebrospinal fluid has been examined 
in a number of cases and has sometimes shown a 
rise of protein and cells, but these findings appear 
to be inconsistent. Blood cultures have been con- 
sistently negative, as have electrocardiograms and 
radiographs. 

Course. — The disease runs a slow course over 
many months. In the sixty-two cases in which the - 
duration is stated, it has varied from about eight 
weeks to thirty months (Cooke and others, 1946). 
The mean for the stated figures is 7.2 months, but 
this is almost certainly an underestimate because ■ 
in a significant number of cases 
not fully recovered at the end ot the stated time. '■ 
As a rule the severity of the symptoms diminishes 
and the patient-is discharged from hospital without 
major symptoms but often still far from fit, and 
final recovery to normal health may be Hei^^yed , 
for a number of months. 

Prognosis. — In their early papers Horton and 
others stated that the disease ran a benign course 
free from mortality and complications. This has 
since proved to be incorrect. Of the seventy-five 
recorded cases, fifty-nine have recovered and six- 
teen have died ; but it is difficult to assess how 
many of these died as a result of the diseasef This 
will be discussed later. 

Treatment. — No effective form of therapy has 
yet been discovered. Individual cases have 
responded to the most diverse forms of treatment. 
The case of Paviot and others (1934) responded 
dramatically to salicylates, and those of lustin- 
Besancon and others, and of Lucien and others 
responded to sulphonamides; but many other cases 
have failed to respond either to sulphonamides or 
penicillin. The one form of therapy which has 
given the most constant symptomatic relief has 
been biopsy of the temporal artery. This had been 
recorded in twenty-one cases. In only two cases 
has it been specifically stated that biopsy failed to I 
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afford relief (Sprague and MacKenzie, 1940; 
Dantes, 1946). The relief is symptomatic, does not 
seem to affect the course of the disease, and may 
be due to the coincidental cutting of perivascular 
nerves. Such nerves have been noted in the 
fibrosed adventitia by Lucien and others (1939) 
and by the present author. 

Complications. — ^The commonest and most seri- 
ous complication is involvement of the eyes. This 
had been noted in twenty-five out of seventy-five 
cases,- and in fifteen of these there has been per- 
manent blindness of one (eight cases) or both eyes 
(seven cases). In the majority of cases the 
.ophthalmoscopic findings have been trivial com- 
, pared with the loss of function, and it is generally 
believed that the blindness is due to retinal 
ischaemia from involvement of the vessels behind 
the globe and out of range of ophthalmoscopic 
■ e.xamination. Johnson and others (1943) suggested 
that this may be due to vascular continuity 
between the temporal and ophthalmic arteries via 
the lachrymal branch of the former, but since 
we now know that the disease is, in fact, wide- 
spread and involves many vessels, it is unnecessary 
to postulate vascular continuity. 

The second most important complication is 
cerebral involvement. The cases of Sprague and 
MacKenzie (1940), Schaefer and Sanders (1942), 
and Broch and Ytrehus (Case 3, 1946) showed 
clinical evidence of cerebral damage but 
recovered. The cases of Gilmour (Cases 2 and 3, 
1941) and Cooke and others (Cases 3 and 6, 1946) 
died of cerebral ischaemia, confirmed at autopsy. 
The cases of Chasnoff and-Vorzimer (1944), Cooke 
and others (Case 1, 1946), and Curtis (1946) died 
from cerebral causes but autopsy was not per- 
formed. In addition, the cases of Schmidt (1930) 
and Andersen (1947a) developed signs of intra- 
cranial aneurysm. From the records of the cases 
which came to autopsy there is little doubt that 
the cerebral signs and symptoms are due to in- 
volvement of the cranial vessels and are due to 
ischaemia. They may be transitoiy or they may 
be fatal, but generally they do not seem to leave 
any sequelae if the patient recovers; though there 
seems to be no reason why this should not occur. 
The two cases of Sjovall and Windblad (1944) 
both developed a crippling arthritis, but they are 
the only two recorded cases to do so and it is 
possible that they represent a coincidence rather 
than a complication. Robertson’s (1947) first case 
developed gangrene of the leg, but again that may 
have been a coincidence due to atheroma. It is 
certainly significant that, in a disease which causes 
gross vascular narrowing and affects medium- 


sized arteries, there is no ischaemic gangrene of 
the limbs. 

Fatal cases and the e.xtent of the disease. — ^The 
cases which have died are of sufficient interest to 
justify individual consideration. The first was that 
of Barnard (1935). This woman had been ill for 
seven months with an apparently undiagnosed con- 
dition which was characterized by headache and 
the loss of sight in one eye. She died of er\’- 
sipelas, and at routine autopsy changes were noted 
in the internal carotid and coronary' arteries. These 
lesions were characterized bj' medial necrosis and 
cellular infiltration, including giant cells, and were 
interpreted as tuberculous though no bacilli' were 
found. In the light of the numerous cases since 
recorded it seems highly probable that this was 
an example of giant-cell arteritis in which the 
involvement of the temporal vessels was minimal. 
A similar case has been recorded bv Andersen 
(1947b). 

Sproul and Hawthorne (1937) recorded two 
cases neither of whom showed any significant 
signs of temporal arteritis and both of whom died, 
one of septic kidney and the other of cardiac 
infarction. One case showed histological lesions 
in the aorta and iliac artery and the other in the 
aorta, iliac, and carotid arteries. The descrip- 
tions strongly suggest that in these cases the 
arterial lesion was indistinguishable from that of 
giant-cell arteritis, thou.gh the temporal arteries 
were not apparently involved clinically and were 
not examined at autopsy. The authors did not 
regard their cases as being examples of giant-cell 
arteritis, and Sproul does not refer to this publica- 
tion in a later paper (1942), in which he records 
the autopsy findings in a classical case of giant- 
cell arteritis who died of ischaemic heart disease. 
In the latter case there were typical and severe 
lesions in the aorta, innominate, subclav’ian, pul- 
monary’, coeliac, mesenteric, renal, and iliac 
arteries (the temporal arteries were not examined 
at autopsy though they were clinically typically 
affected during life). 

Gilmour (1941) recorded four autopsy cases. 
The first was of a woman of only 23 who had been 
ill for six months with giddiness and hot sweats 
after an influenza-like onset and who died of a 
ruptured subclavian aneurysm. Clinically the case 
was atypical, but the histology of the aorta, 
interna!, and external carotid and subclavian 
arteries was e.xactly similar to the published 
descriptions of classical cases and it seems prob- 
able that this was a true case. The age is quite 
unusual, but a clinically typical case has been re- 
ported in a woman of 22. by .Meyers and Lord 
(I94S). Gilmour'.s second case, in a woman of 59, 
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had a five months’ illness starting like influenza and 
characterized by temporal pain and noises in the 
head. She died in coma and at autopsy showed 
thrombosis of the internal carotid artery, and giant- 
cell arteritis of it and of the aorta. Gilmour’s third 
case, a man of 63, had a nine months’ illness with 
headache, mental signs, and failing vision. He too 
died in coma and at autopsy showed thrombosis of 
the internal carotid arteries and giant-cell arteritis 
of the aorta and of the external and internal 
carotid arteries. In Gilmour’s fourth case, a 
woman of 64 suffered an ill-defined disease for 
twenty-six months and never showed any indica- 
tion of temporal arteritis. She died of enteritis and 
amyloid kidneys, but at autopsy the aorta, inno- 
minate, common carotid, sifbclavian, and iliac 
arteries showed what the author interpreted as the 
healing stage of giant-cell arteritis. Chasnoff and 
Vorzimer (1944) record a case with typical 
histological appearances in the biopsy specimen 
of the temporal artery. Three months after dis- 
charge the patient returned to hospital in coma 
and died. The authors stated that at autopsy 
other internal arteries were involved and that 
details were to be published later by Mahoney and 
Hall, but no such publication can be traced. 

Cooke and others (1946), in a series of seven 
typical cases of temporal arteritis, record three 
that died. Their first patient died from cerebral 
causes six months after discharge, and no autopsy 
was performed. Their second died from cerebral 
causes, and giant-cell arteritis was found in the 
aorta and in the femoral and mesenteric arteries. 
Their third also died from cerebral causes, and 
giant-cell arteritis was found in the aorta and in 
the superior mesenteric, femoral, radial, and 
retinal arteries. Broch and Ytrehus (quoted by 
Andersen, 1947a) record a typical case in which 
the patient died of haematemesis two months after’ 
discharge from hospital, but no autopsy was per- 
formed. Curtis (1946) described a patient with 
typical histological appearances in the biopsy 
specimen of the temporal artery who was re- 
admitted in coma eighteen days after discharge 
and died, but no autopsy was carried out. 
Kilbourne and Wolff (1946) report a patient with 
typical biopsy findings who died of cardiac 
infarction three months later ; no autopsy was 
carried out. Robertson (1947) recorded a clini- 
cally typical patient who died a month later of a 
perforated gastric ulcer. At autopsy the sub- 
clavian artery was thrombosed but, unfortunately, 
no sections were taken. 

The inclusion of some of these sixteen cases is 
open to criticism on the ground that as they did 
not show the clinical signs of temporal arteritis 


during life, therefore the arterial disease found 
at autopsy is something dilTcrcnt. Dantes (1946) 
has denied the authenticity of the cases of Barnard, 
Gilmour, and Sproul and Hawthorne. In the 
author’s opinion this criticism is not justified for 
the following reasons. There is undeniable 
clinical and autopsy evidence ’'that temporal 
arteritis is a widespread vascular disease. The 
clinical syndrome on which the diagnosis depends 
is the result of involvement of the superficial 
temporal arteries, and if these arc excised for 
biopsy one of the dominant symptoms (localized 
head pain) usually disappears. If, therefore, a case 
of “temporal arteritis” should occur in which 
the temporal arteries were not involved the only 
really diagnostic clinical features would be lack- 
ing. In the cases recorded by Cooke and others, , 
Sproul, and Chasnoff and Vorzimer the diagnosis 
was established clinically and was beyond ques- 
tion, and in these the larger internal arteries were 
involved. In the cases of Barnard, Gilmour, and 
Sproul and Hawthorne, the internal arteries 
showed apparently similar lesions, but the tem- 
poral arteries were not noted clinically or exam- 
ined histologically and are, therefore, presumed 
not to have been involved. Nevertheless, it seems 
reasonable to assume that these were true cases 
and that in them the temporal arteries were either 
not involved or involved so slightly that they were 
overlooked. 

These sixteen cases may give an exaggerated 
impression of the fatality rate in temporal 
arteritis. The cases of Barnard, Sproul and Haw- 
thorne, and Gilmour (Case 4) did not die of 
their arterial disease. The cases of Sproul, Chas- 
noff and Vorzimer, Broch and Ytrehus, Curtis, 
Kilbourne and Wolff, and Robertson may have 
died of other diseases and not directly of the arter- 
itis. Nevertheless, in the light of the first three 
cases of Gilmour and the second and third cases of 
Cooke and others, there is no doubt that temporal 
arteritis can prove fatal by cerebral involvement 
and it seems likely that it may also be fatal by 
involving other vital arteries. , 

These autopsy cases ’also illustrate the wide- 
spread nature of the disease, a point which has 
been stressed by clinical observers. Giant-cell 
arteritis is a disease of the larger arteries. The 
characteristic lesions have been described micro- 
scopically in the aorta nine times, in the carotid 
arteries six times, in the iliac arteries four times, 
in the mesenteric and subclavian arteries three 
times, in the innominate and femoral arteries twice, 
and in the pulmonary, coronary, coeliac, renal, 
radial, and retinal arteries once each. Most of 
these are arteries which are readily accessible dor- 
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ing the course of a routine autopsy, and the impli- 
cation is that the disease is likely to affect any of 
the elastic -and larger muscular arteries. It seems 
highly probable that other, less accessible, arteries 
were affected in these cases but were not examined. 

Another point which emerges from these 
autopsy reports is the irregular distribution of the 
lesions. In most cases a number of vessels other 
than those listed above were examined and found 
unaffected. A further point is that the disease is 
apparently limited to arteries ; the only reference 
to veins is made by Cooke and others, who state 
that the femoral vein was involved in one of their 
autopsy cases. It is, of course, possible that minor 
grades of venous involvement might be found if 
veins w’ere systematically examined, but it is un- 
likely that the disease affects them severely or the 
naked-eye. changes would have been noted. 
Apart from the larger arteries noted^ at autopsy 
there is clinical -evidence that other arteries than 
the temporal are involved, especially the palpable 
vessels of the head. The vessels noted clinically 
are as follows : occipital artery (Lucien and others; 
Bowers; Brown and Hampson; Shannon and Solo- 
mon; Cooke and others; Robertson; Justin-Besan- 
?on and others); facial artery (Scott and Maxwell; 
Robertson; Justin-Besancon and others); carotid 
artery (Paviot and others; Scott and Maxw-ell); 
parietal artery (Dick and Freeman); posterior 
auricular artery (Dick and Freeman); radial artery 
(Hines); dorsalis pedis (Dantes). 

Pathology 

The lesions in the temporal arteries. — TTie fol- 
lowing account of the morphology of the lesions 
is based partly on the published reports and partly 
on a personal examination of five cases. The 
gross morbid anatomy is not characteristic. 
The vessels are bigger than normal and may 
be nodular. They appear to be solid cords with 
little or no lumen. Histologically the lesions are 
much more striking and characteristic (Plate la) 
but vary a good deal in their distribution. At dif- 
ferent levels within one short segment of artery the 
lesion may vary in its intensity, in the presence or 
absence of the characteristic giant cells, and in the 
proportion of the circumference involved. In a 
suspected case, if the histology is atypical it is w-isc 
to cut deeper into the block. The lumen is usually 
reduced to a minute hole or slit and may be throm- 
bosed, but thrombosis is the exception rather than 
the rule. 1} has been stated to be present thirteen 
times and absent thirty times, and probably repre- 
sents no more than an incidental complication. It 
is certainly true that thrombosis plays no essential 


part in the development of the lesion — a signifi- 
cant point of differentiation from Burger’s disease. 
The intima show-s gross thickening, thus account- 
ing for the diminished lumen. This is invariably 
present and has been mentioned in every' histolo- 
gical report. The intimal thickening may be either 
concentric or eccentric, usually depending on 
whether the whole circumference of the media or 
only a part of it is affected. 

During the active stage of the disease this intimal 
proliferation is often divisible info tw’o different 
zones (Plate V). The inner one, which is usually 
the thicker, consists of a cellular fibrous tiskie of 
loose texture with relatively few inflammatory- cells 
or vessels. In the 'interstices between, the fibro- 
blasts there is a pale-staining background which 
has been described by SjovaU and Windblad (1944) 
and Gordon and Thurber (1946) as oedema, and 
by Brown and Hampson (1944), and by Gilmour 
(1941) as mucoid. In the cases which I have 
e.xamined this material has been of mucoid 
nature (Plate IVa) and apparently identical with 
the mucoid interstitial tissue described by Schultz 
(1922) and Ssolow-jew (1924) in all arteries, and 
so constantly seen in excess in medionecrosis of 
the aorta. It seems probable that it represents a 
normal product of the connective-tissue cells of 
arteries. 

In the outer part of the intima the picture is 
usually one of a much more active inflammatory- 
response, but this is not always so; some arteries 
lack this zone entirely (Plate Ilb). There are 
often young capillaries (Plate V) and nearly 
alw-ays an inflammatory- cellular infiltration. The 
cell response varies from one case to another. 
Lymbhocytes, macrophages, plasma cells, and 
polymorphonuclears may be present in variable 
proportions, and some giant cells may- be seen. 
Eosinophils are rarely- present and are practically 
never a marked feature — a point of distinction 
from polyarteritis nodosa. The media usually 
sho%vs the maximum damage and is often virtually 
destroyed. Frank coagulative necrosis is frequently 
present (Plate V) and has been specifically men- 
tioned in twenty-one reports. Cellular infiltration 
is alw-ays present and is rather variable. Lym- 
phocytes and macrophages always appear to be 
present (Plate Ilb and III), and there arc usually- 
some polymorphonuclears but they- are rarely- the 
dominant cell. Eosinophils are occasionally men- 
tioned (Bowers; Hoyt and others; Kilbournc and 
Wolff) but never as a dominant cell. 

The characteristic giant cells fPIate Ilb and III) 
arc mentioned as present in thirty-eight cases and 
can be inferred to base been present in most of the 
others. They were apparently not present in the 
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cases of Kilbourne and Wolff, Gilmour (Case 4), 
and Sjdvali and Windblad (Case 2). I have seen a 
case in which no giant cell was present in the first 
few sections of a biopsy specimen, but plenty 
were present deeper in the block, and it seems 
probable that all or nearly all cases will show 
giant cells if the specimen is cut at different levels. 
These giant cells are of foreign-body type and of 
irregular shape, sometimes rounded, sometimes 
elongated. They vary in size from cells of lO/t 
with two or three nuclei, up to masses of lOO/x 
with very many nuclei. The latter may be dis- 
tributed in any way, usually being quite haphazard, 
but sometimes arranged round the periphery 
exactly like the giant cells of a tubercle. The nuclei 
resemble those of the neighbouring macrophages, 
and the cytoplasm has an eosinophilic ground- 
glass appearance. Some of these giant cells lie in 
relation to fragments of elastic tissue (Plate IVb) 
and presumably represent an attempt at its- 
removal, but others occur in the thickened intima 
in situations away from demonstrable elastica. 
The internal elastic lamina usually shows severe 
destruction (Plate Jib). This is recorded in 
twenty-eight cases and can be inferred from some 
of the other reports. It is generally fragmented 
into short lengths, and these may disappear. 
Sometimes the fragments assume odd shapes. In 
some cases there is a later overgrowth of new 
elastica (Cooke and others). These medial lesions 
are generally rather diffuse, involving large seg- 
ments or the whole circumference, but in some 
cases they occur in a curiously focal form. This 
was so in Barnard’s case, where they resembled 
tubercles, and is beautifully depicted in Fig. 4 of 
the paper by Cooke and others (1946). 

The adventitia is involved to a variable extent 
(Plate Ila). The adventitial lesions were stressed 
by Horton and others in their original papers, but 
subsequent observers appear to have been more 
impressed by the medial changes. Cooke and 
others suggest that the lesion spreads along the 
vessels by the vasa vasorum in the adventitia. 
In the majority of cases there is a cellular infil- 
tration of the adventitia, contiguous with and 
similar to that of the media but lacking giant cells. 
This is usually associated with an overgrowth of 
adventitia fibrous tissue. The vasa vasorum may 
be cuffed by inflammatory cells ; this has been 
stressed by Gordon and Thurber and by Kil- 
bourne and Wolff. In some cases nerves are 
visible embedded in the fibrosed adventitia (Lucien 
and others, 1939; Cohen and Harrison, 1948). Such 
involvement of nerves may account for the pain 
in the temporal regions and for its relief, when a 
biopsy is performed. 


Ginnt-ccll arteritis in larger arteries. — In the 
cases which have come to autopsy the mor- 
phology of the lesions in the larger arteries has 
been essentially similar to that in the temporal 
arteries. Furthermore, the descriptions in the 
clinically uncertain cases of Barnard, Gilmour, 
and Sproul and Hawthorne tally exactly with 
-those of the clinically proved cases of Cooke and 
others and of Sproul. 

Macroscopically the vessels (aorta, carotid, 
etc.) may not show any obvious lesion or they 
may show a smear of fibrin clot overlying the 
lesion. Microscopically the damage affects mainly 
the media. The intima may show some recent 
fibroblastic proliferation, but this is slight and may 
be absent. Cellular infiltration of the intima is the, 
exception rather than the rule. In the media the 
striking lesion is a cellular infiltration in which 
lymphocytes and plasma cells dominate, though a 
few polymorphonuclears may be seen. Giant cells 
are always present (Gilmour’s Case 4 is an e.xcep- 
tion) and are of the same type as those in the 
temporal arteries. They may be found in associa- 
tion with fragments of elastica. Necrosis is usually 
only a cellular one, with disappearance of muscle 
in the affected areas, but occasionally foci of dead 
tissue may be seen. Some destruction of elastica is 
nearly always present, but it is slight and affects 
only few fibres. There may be increased vascu- 
larity of the media, but this is not striking. In the 
adventitia, changes are slight or absent. There may 
be some fibrosis, and there may be some cellular 
infiltration similar to that ''of the-media. 

In arteries intermediate between the common 
carotid and the temporal the lesions are also inter- 
mediate, and there is a greater tendency to thicken- 
ing of the intima and to thrombosis. 

From a study of these cases there seems to be 
no reasonable doubt that the giant-cell arteritis 
observed in the larger arteries is the same as that 
in the temporal arteries and that the disease is 
widespread. 

Aetiology 

Nothing is knovvn of the aetiology of giant-cell 
arteritis. There are, however, certain points which 
appear significant. It affects white races only; al 
least no cases have been recorded in coloured 
races. The early cases (Horton and others) were 
mostly in farmers and country dwellers, but this 
has not been the rule in subsequent cases. On the 
whole, middle-class and well-to-do patients seem 
to have been rather more frequently affected, but 
no occupation has been unduly represented. There 
is no evidence of a familial incidence. No organ- 
isms have been recovered with any regularity from 
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Plate III. 


Plate I. — (a). Section of temporal artery. There is a little mural thrombus adhering to the intima which 
is greatly thickened. The media is still visible but heavily infiltrated, and it contains many giant cells. 
The adventitia is fibrosed. (Haematox>Iin and eosin, x 40.) (6). Same case as (a). Showing the 
fragmentation of the internal elastic lamina and the formation of new elastic fibres in the deeper part 
of the intima. (\Veigert’s elastic and neutral red, x 80.) 


Plate II. — (a). Same case as Plate I. Showing adventitia and outer part of media. The adventitia is 
fibrosed and shows a little cellular infiltration. Note two small nerses embedded in fibrous tissue. 
(Haemato.xylin and eosin, ■ 120.) (i). Same case as Plate I. The intima (upper left) consists of cellu- 
lar fibrous tissue. The internal elastic lamina (arrows) is fragmented. The media is hcasily infiltrated 
with infiammatoiy cells and there are numerous giant cells near the elastic lamina. Note that the 
innermost layer of the media is more severely affected than the rest. (Hacmato\>Iin and cosin, ;• 190.) 


Plate 111. — Same case as Plates I and II. Innermost layer of media showing infiltration with I>-mpho- 
cytes and macrophages and the formation of giant cells, apparently from macrophages. The'arro«-s 
indicate fragments of the internal clastic lamina, (Haematoxjlin and cosin, •: 430.) 




(«) 



Plate IV. 
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Plate V. 


Plate IV. — (a). Temporal arteo’- Second case. Innermost layer of thickened intima showing proli- 
ferating fibroblasts lying in a background of mucoid connective tissue. (Haematosylinandeosin, -• 460.) 
ih). Same case as (a). Junction'of intima and media showing giant cells lying against fragments of the 
internal clastic lamina on its medial side. Note the cellular infiltration of both media and intima. 
(Verhoeff and Van Gieson, ■; 190.) 


Plate V. — Temporal artery. Third case. The lumen is just visible at the botto.m of the section. Tnc inner 
part of the intima consists of active mucoid fibroblastic connective tissue. The outer pan of the 
intima consists of vascular granulation tissue. The remnants of the internal clastic lamina are sho'.vn by 
arrows. The media shows a band of necrosis. (Haematoxslin and eosin, 120.) 
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excised arteries. Horton and others grew a type 
of actinomyces from one of their early cases but 
decided that this was a contaminant, and certainly 
no one has since grown a similar organism. 
MacDonald and Moser grew a staphylococcus 
which they regarded as a contaminant. Other 
workers (Andersen; Lucien and others; Scott and 
Maxwell) have failed to grow any organisms from 
excised arteries. All attempts to grow organisms 
from blood culture have been unsuccessful 
(Andersen; Chasnoff and Vorzimcr; Schaefer and 
Sanders). Finally, many workers have searched 
for organisms in stained sections, all without 
success. Yet in spite of these completely negative 
results, there is indirect evidence which suggests 
that the disease may have an infective basis; it 
certainly seems to have an association with infec- 
tion. Gilmour’s four cases all began with an 
influenza-like onset, and Schmidt's dated from an 
attack of irvfluenza. Dick and Freeman’s first case 
followed an attack of pneumonia, and Paviot and 
others’ case followed the extraction of a septic 
molar. MacDonald and Moser's case had a dental- 
root abscess, and Brown and Hampson's was asso- 
ciated with dental sepsis. Dick and Freeman’s 
second case and Hoyt and others' case had faucial 
sepsis. All these may have been coincidental, but 
the fact that one of Horton and others’ cases re- 
covered after the extraction of septic teeth, and that 
Profant’s case showed a clinical flare-up after the 
extraction of a septic tooth, strongly suggests that 
the arteritis and the sepsis were related. Paviot and 
others’ case had further interest in that this sub- 
ject also had active rheumatic carditis at the time, 
and both this and the arteritis responded dramati- 
cally to salicylates — a form of therapy which no 
one else records having tried except for the use 
of aspirin as an analgesic. Lastly, both of 
Sjdvall and Windblad’s cases developed crippling 
arthritis, whilst Andersen’s was left with 
“ rheumatoid pain ” in his lower limb. 

Apart from its apparent associations with in- 
fection there are features in the disease itself which 
suggest infection. The fever, the leucocytosis, the 
enlarged cervical glands, and the high sedimenta- 
tion rate, together with the general illness of the 
patient, all suggest some sort of infective process. 
Naturally, the failure to find any organism in a 
disease of an apparently infective type suggests an 
allergic response, but Dantes (1946) rejects this 
hypothesis on account of the lack of eosinophils 
in the lesions and of other signs of allergy in the 
patients. So far apparently no attempt has been 
made to isolate a virus. Thus, at present the data 
available suggest that giant-cell arteritis is possibly 
of infective origin, but there is no clue as to the 


type of infection or the mode whereby infection 
produces the changes. 

Comparison with Other Diseases 

A number of workers (Jennings; Gordon and 
Thurber; Kilbourne and \Volfr; Hoyt and others; 
Andersen) have compared giant-cell arteritis with 
other arterial diseases, particularly thrombo- 
angiitis obliterans and polyarteritis nodosa. Only 
with the latter docs it bear any close comparison, 
and the question arises w'hclhcr giant-cell arteritis 
has sufficient characteristics of its own to justify 
regarding it as a separate entity and, if so, how 
closely it is allied to polyarteritis nodosa. If one 
analyses the clinical picture and the morphology 
of the arteries, as some workers have done, then 
there are many points in common and no feature 
w'hich is absoliiteTy characteristic of cither disease. 
Nevertheless if giant-cell arteritis — cither as a 
clinical entity or as a histological picture— is 
viewed as a whole, then there is no question of its 
not being a real recognizable entity. 

The clinical dilTcrcnccs between giant-cell 
arteritis and polyarteritis nodosa depend on two 
basic factors: age, and the arterial territory in- 
volved. Polyarteritis is a disease of young adults 
and affects the small muscular arteries in the 
viscera : giant-cell arteritis is a disease of the 
elderly and affects the elastic and larger muscular 
arteries proximal to the point where they break up 
to enter the viscera. The histological differences 
depend largely on the acuteness of the process. 
Polyarteritis is often acute, whilst giant-cell 
arteritis is subacute. The signs of an active infec- 
tion — the fever, illness, leucocytosis, anaemia, etc. 
— are common to both. The clinical pictures 
depend for their differentiation on the territory 
involved. The differentiating signs of giant-cell 
arteritis — the headache, palpable temporal arteries, 
eye involvement, and nervous signs — depend on 
the involvement of the larger cranial vessels. 
Similarly the signs of polyarteritis — the renal 
lesions, cardiac signs, abdominal signs — are the 
result of visceral ischaemia from involvement of 
small visceral arteries. 

In a similar way the histology of giant-cell 
arteritis (the lymphocytes and plasma cells, the 
giant-cells, the fibroblastic reaction) are all those 
of a subacute disease, whilst the histology of 
polyarteritis nodosa (the polymorplionuclears and 
eosinophils, the fibrinoid necrosis, the aneurysms) 
are all those of an acute process. 

There is one final point of difference: poly- 
arteritis is probably an allergic response (Rich and 
Gregory, 1943: McKeown, 1947); whilst -there is no 
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evidence, either clinical, morphological, or experi- 
mental, to suggest that giant-cell arteritis is of this 
character. 

■■ Summary- 

1. Giant-cell arteritis is a disease of the 
elderly of either sex. 

2. It runs a course of about six months and is 
characterized by malaise, fever, severe headaches 
and prominent, thick, painful temporal arteries; 
it is usually accompanied by leucocytosis, anaemia, 
and raised sedimentation rate. 

3. There is no specific treatment, but the 
disease tends to subside slowly and complete 
recovery is the rule. 

4. It may be complicated by blindness or 
cerebral disturbances from involvement of appro- 
priate arteries. 

5. In some cases the disease has proved fatal, 
and it has been shown to involve many arteries of 
the elastic and large muscular group, from the 
aorta down. 

6. In most cases a number of cranial arteries 
are involved. 

7. The arterial lesions are characterized by 
lymphocyte and plasma-cell infiltration of the 
media with frequent giant cells. The elastica is 
usually broken up, and the intima undergoes 
fibroblastic proliferation. There is usually some 
fibrosis and cellular infiltration of the adventitia. 
The disease appears to be infective but its 
aetiology is unknown. 

S. The relationship of the disease to poly- 
arteritis nodosa is discussed. 

My thanks are due to Mr. E. V. Wilmott, A.R.P.S., 
who prepared all the photomicrographs. 
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This disease, which has also been described as 
cranial arteritis and giant-cell arteritis, was first 
established as a clinical and pathological entity by 
Horton and others (1934), though there is evidence 
that single cases were described before this 
(Andersen, 1947). Since 1934, over seventy cases 
have been reported in the literature from U.S.A., 
Great Britain, France, and Scandinavia. These 
have been reviewed and analysed elsewhere in 
this issue (Harrison, 1948). The disease runs a 
characteristic clinical course, and the affected 
vessels have a characteristic morphology. 
Although the earlier recorded cases ran a com- 
pletely benign course, those subsequently reported 
have shown that involvement of other vessels may 
cause blindness, cerebral damage, and even death. 

The three cases reported here exemplify the 
characteristic clinical course and morphology of 
the disease, and also illustrate some of its com- 
plications. 

Case Reports 

Case 1. — A coach builder, aged 72, from a country 
district of North Wales was admitted to hospital with 
a three months’ history of shooting pains in both 
sides of his head. The pain was at first intermittent 
and located behind the left ear. but later it became 
almost continuous and spread to the front and back 
of the head. Six weeks before admission the pain 
moved to the right temple and came in bursts of great 
severity alternating with a continuous dull ache. Bend- 
ing down made the pain worse but coughing and 
eating did not. During the two weeks before admis- 
sion the pains had eased a little. On e.xamination he 
was a well-nourished man with normal temperature 
and pulse ; his face showed leucoderma. Both super- 
ficial temporal arteries were visibly prominent but no 
longer tender. There was no pulsation in ei her. 
Physical examination (blood pressure 148/80 mm. Hg.), 
blood count, electrocardiogram, and radiocraph of the' 
chest all gave negative results. 


A segment of the right superficial temporal artery 
was excised, and this appeared to relieve the pain. 
After nineteen days in hospital, that is, about 15 
weeks after the onset of symptoms, the patient was 
discharged much improved. 

Histology (Plate Via and b). — The lumen was re- 
duced to a small slit by intinial proliferation, but 
there was no thrombosis. The intimal thickening was 
composed of a cellular connective tissue containing 
fibroblast nuclei but very few inflammatory cells. The 
media was intact around approximately two-thirds of 
the circumference and was infiltrated by a few inflam- 
matory cells. In the remaining third it was totally 
replaced by a cellular infiltration of macrophages, 
lymphocytes, and polymorphonuclears. though there 
was no remaining necrotic tissue. The internal elastic 
lamina was fragmented, and there were a few giant 
cells in the vicinity of the broken elastic fibres. The 
adventitia was fibrosed, forming a thickened colla- 
genous coat, and several nerves were embedded m 
it. It did not, however, show any appreciable cellular 
reaction. 


Case 2. — A farmer aged 65 years was admitted com- 
plaining of headaches. Six weeks before admission 
he felt ill and took to bed and thought that he was 
febrile. Soon after this he developed headaches all 
over his head but worse on the left side. This was 
aggravated by coughing and was severe enough to 
interfere with sleep. He had lost about 1 stone m 
weight since the onset of his illness. On examina- 
tion he was found to be w'ell preserved, but he showed 
signs of recent loss of weight. He had some pyrexia 
(98 to 101° F.) on admission, but this settled to normal 
in a few days. The temporal arteries were tortuous, 
thick, and tender, but pulsating. Blood pressure was 
120/80 mm. Hg. Abduction of the right shoulder was 
limited and the right deltoid wasted. Physical exami- 
nation was otherwise negative. Blood examination 
revealed Hb 75 per cent, red blood cells 4,400,000. 
white cells 12,800 per c.mm. of blood, with 73 per 
cent polymorphs. The erythrocyte sedimentation rate 
was 10 mm. in 1 hour (Wintrobe-corrected), the 
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Plate VI. — fo). Case I. Transserse 
section of temporal arterr’ showing 
extreme intimal proliferation. In 
the segment on the left the media 
is largely destroyed and the elastica 
is interrupted. The adventitia 
is fibrosed. (X'erhoefT and \'an 
Gieson, 50.) (b). Case I. 

High-power magnification of pan 
of (o). showing the cellular infiltra- 
tion spreading through media. A 
giant cell is shown near the left 
side. (Haematoxylin and cosin, • 
140.) (f). Case 2. Slightly oblique 
section. The intima is enormously 
thickened and the inner fibrous 
and outer granulomatous lasers 
arc shossTi. The media is well 
seen near the lower border but 
IS necrotic near the upper border. 
The adsentitia is fibrosed, and a 
small nersc is s isibic at the extreme 
lower edge. (Haemaioxsiin and 
cosin. 3S.) 






214 


HENRY COHEN AND C. V. HARRISON 



{a) 


PLATnVlI. — {o). Case 2. Higher magni- 
fication of part of Plate Vic, showing 
granulomatous replacement of 
media spreading into intima (lower 
left). Two giant cells arc seen near 
the top left comer. (Haemato.xy- 
lin and eosin, X 190.) (A). Case 3. 
Transverse section just beyond a 
bifurcation. The greatly thickened 
intima is composed of loose con- 
nective tissue. The media is infil- 
trated by cells, and the adventitia 
is fibrosed. (Verhoeff and Van 
Gicson, X' 45.) (c). Case 3. Higher 
magnification of part of (/>). The 
intima lies to the left and the media 
to the right, separated by a wavy 
black clastic lamina. Note the 
numerous giant cells in the media. 
(Verhoeff and Van Gicson, x 120.) 
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Wassermann reaction negative, and the cerebrospinal 
fluid normal. 

A week after admission a segment of the left tem- 
poral arterj' was excised and this was followed by 
relief of the headache. A fortnight after admission, 
eight weeks after the onset of the illness, the patient 
was discharged free from pain. Six months later he 
died suddenly from coronary' occlusion; no autopsy 
was performed. 

Histology (Plates V, Vic, and Vila). — The lumen 
was reduced to a slit 0.1 xO.5 mm. but was free from 
thrombus. The intima was greatly thickened and 
consisted of two layers. The inner was composed 
of mucoid connective tissue with fairly numerous 
fibroblast nuclei but very few inflammatorj' cells ; 
the outer consisted of granulation tissue with numer- 
ous capillaries and fibroblasts and heavily infiltrated 
with polymorphonuclears and macrophages. The 
media around approximately half the circumference 
was necrotic ; and the rest, though containing muscle 
fibres, was heavily infiltrated by polymorphonuclears, 
lymphocytes, and macrophages. The internal elastic 
lamina was disrupted, and there was a number of 
giant cells. The adventitia was fibrosed but contained 
few inflammatory cells. Several small nerves were 
embedded in the fibrous tissue. A small branch of 
the temporal artery included in the biopsy showed 
e.xactly the same lesion as the parent vessel. A biopsy 
of calf muscle did not show any vascular lesion. 

Case 3. — A farmer aged 69, and a neighbour of 
Case 2, was admitted complaining of headache and 
blindness in one eye. Five months before admission 
he developed severe pain in the right side of his head ; 
a fortnight later he suddenly developed diplopia for 
five minutes and then lost the sight in the left eye. 
A fortnight later the pain on the right cleared up but 
soon returned on the left side, and he noticed a 
‘'swollen vein" in his left temple, which he said was 
not tender. Two months after the onset of the illness 
the pain returned to the right side and persisted there 
till admission. It was severe enouch to interfere with 
sleep. 

On examination he was seen to be a wasted elderly 
man, apyrexial, but with a pulse rate of 100 to 120 
per minute. The left superficial temporal artery was 
thick and tortuous but not tender. The right tem- 
poral artery was not palpable. The left eye was blind 
except for appreciation of light and dark : the disc 
was pale and there were signs of thrombosis of the 
central retinal artery. The blood pressure was 175 
80 mm. Hg, and there were signs of generalized 
arteriosclerosis with some myocardial ischaemia. The 
sedimentation rate was 32 mm. in one hour (Wintrobc- 
corrccted). The blood count showed Hb 90 per cent, 
red blood cells 4.300,000 and white cells 6,200 per 
c.mm. The cerebrospinal fluid was normal. 

A segment of the left temporal artery was excised 
and this was followed by relief of his pain. He was 
discharged free from symptoms a fortnight after 
admission: five and a half months after the onset of 
his illness. 


Histology (Plates IVa and b, Vllb and c). — The speci- 
men consisted of a Y-shaped segment and was cut to 
show transverse sections of the tivo limbs. These were 
exactly similar. The lumen w-as patent but reduced 
to a narrow slit. The intima was greatly thickened 
and consisted of tnucoid connective tissue with fre- 
quent fibroblast nuclei but very few inflammatory 
cells. The media was free from any gross necrosis 
but was largely destroyed by a granulomatous mass 
consisting of young capillaries, polymorphonuclears, 
lymphocytes, and a few macrophages. Giant cells 
were numerous. This acute inflammatory reaction 
spread into the immediately adjacent intima and 
adventitia, but only for very short distances. The 
internal elastic lamina was broken up into a line of 
short fragments. Only the inner part of the adven- 
titia was included in the biopsy, but this showed some 
fibrous thickening. No nerves were included. 

Commenf 

The present cases were all in males, though 
in the recorded cases there have been slightly 
more women than men (Andersen, 1947 ; Cooke 
and others, 1946). The ages of the present cases, 
72, 65, 69, are in accordance with the usual find- 
ings, most recorded cases being over 60. 

It is of interest that our three cases were 
country' dwellers, and two w-ere neighbouring 
farmers admitted within three months of each 
other. Horton and others (1934) drew attention to 
the fact that their early cases were farmers or 
country' dwellers, though in most of the subsequent 
publications the patients have either been town 
dwellers or this information has not been given. 

The duration of the disease in our cases was 
15. 8, and 23 weeks, which is shorter than the 
average (about si,\ months) of previously recorded 
cases. But it is within the range of duration of 
such cases, which has varied from seven or eight 
weeks (Hoyt and others, 1941; Sproul, 1942) up to 
two years' (Cooke and others, 1946). 

In this series Case I recovered completely. 
Case 3 also recovered but was left with blind- 
ness in his left eye. Case 2 died from myocardial 
infarction, six months after discharge. .An autopsy 
was not performed, and we do not know whether 
death was due to arteritis affecting the coronary 
arteries or to coincidental atheroma. Of the pub- 
lished cases, a number have died within some 
months of discharge, mostly from myocardial 
ischaemia or cerebral vascular disease, (Chasnoff 
and Vorzimer. 1944; Curtis, 1946; Kilbournc and 
Wolff, 1946). Other cases (Cooke and others. 1946) 
have died during the course of the disease from 
cerebral ischaemia due to arteritis of the cranial 
arteries and the diagnosis confirmed at autopss. 
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In the first of the three cases here recorded the 
lesion appeared to be limited to the temporal 
arteries; in Case 2 the right circumflex artery was 
involved, and in Case 3 there was blindness in the 
left eye due to thrombosis of the central retinal 
artery. In the early reports it was suggested that 
the disease was a localized one, but Jennings (1938) 
described blindness as a complication presumably 
due to involvement of the retinal vessels, and 
similar cases have since been reported by Dick 
and Freeman (1940), Scott and Maxwell (1941), 
Cooke and others (1946), Shannon and Solomon 
(1945), Robertson (1947), and Curtis (1946). The 
cases that have come to autopsy have shown in- 
volvement of other vessels. 

That the disease is not a localized process is 
suggested by the frequent occurrence of pyrexia 
and pains in body and limbs, and a degree of 
systemic illness out of proportion to the physical 
findings. Case 2 of the present series was pyrexial 
and was sufficiently ill to take to bed. The out- 
standing symptom in our three cases, and in all 
the recorded cases, has been pain in the head. 
This is of great severity and is usually resistant 
to analgesics. Many forms of therapy have been 
tried but none has been constantly successful. 
Removal of a segment of the affected temporal 
artery for biopsy has quite frequently been 
followed by relief of pain. This was noted by 
Horton and Magath (1937) and has since been 
confirmed by numerous other workers, and from 
the literature it appears to be the most constantly 
successful form of therapy. It was certainly of 
value in relieving symptoms in the present three 
cases. It has been suggested that this is due to 
interruption of the accompanying nerves, and 


Lucien and others (1939) described such nerves 
embedded in the fibrosed adventitia. We have also 
noted nerve fibres embedded in the fibrosed adven- 
titia of our first and second cases. 

Nothing is known of the aetiology of the 
disease and, though many of the clinical features 
suggest an infective cause, so far all attempts to 
isolate an organism have been fruitless. Never- 
theless the disease presents a uniform pattern 
which differentiates it from polyarteritis nodosa 
or Burger's disease. It has a different anatomical 
and age incidence and a better prognosis. The 
histology of the lesions is also different though 
in some ways less characteristic. Almost any of 
the individual histological features of temporal 
arteritis may be found in either polyarteritis or 
Burger's disease, yet the whole picture is suffi- 
ciently distinctive to be recognizably different 
(Gilmour, 1941 ; Cooke and others, 1946). 

We are indebted to Mr. F. Beckwith for the 
photomicrographs. 
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Introduction 

The stomach’s acid secretion is commonly used 
as a measure of gastric function, and various 
standardized tests have been devised. Owing, 
however, to the wide range of acid secretion in 
normal people, to the inconstant results obtained 
by repeating a test on many individuals, to the 
frequent occurrence of results well within the 
normal range in patients suffering from gastritis, 
gastric carcinoma, or peptic ulcer, and to the fact 
that from 10 to 20 per cent of normal people may 
have spontaneous temporary or permanent achlor- 
hydria (Schiff, 1938 : Palmer and others. 1940), 
estimation of the acid secretion of the stomach 
after a popularity of many years is now falling 
into disfavour as a diagnostic test. 

In the search for a more reliable test, the excre- 
tory function of the gastric mucosa to various 
substances including dyes has been studied : one 
of these dyes is neutral red. 

When a solution of neutral red is injected into 
a vein of a normal individual, the dye is excreted 
within a few minutes into the gastric juice, stain- 
ing it pink ; the concentration increases for a 
period and thereafter diminishes. During the next 
twenty-four to forty-eight hours the dye is excreted 
in the urine and colours the faeces. 

In 1923 Glaessncr and Wittgenstein introduced 
the excretion of neutral red by the stomach as a 
test of gastric function, but the normal variations 
Were not worked out, nor was the relationship of 
dye excretion to acid secretion fully understood by 
these or subsequent workers (Davidson and others. 
1925; Zibalis, 1934; Winklestein. 1942; Lourja and 
Mirkin, 1925). Twenty years later the excretion of 
neutral red by the stomach was reintroduced by 
Gillman (1943, 1944) as a test of gastric function. 
He used a standard technique whereby the rate of 


dye excretion and the rate and intensity of con- 
centration of the dye in the gastric juice could be 
measured. He worked out the normal variations 
in healthy young European adults in Johannesburg, 
and showed that normal results were repeatable 
within narrow limits. By studying the results 
obtained on three hundred cases, mostly African 
natives with disturbed gastric function, he claimed 
to have established criteria of abnormality which 
could be of diagnostic and prognostic aid.” 

The intention of the present study was to check 
the range of normality reported by Gillman ; to 
study the anatomy and physiology of neutral-red 
excretion ; to compare the acid secretion of the 
stomach W'ith its power to excrete dye. and to deter- 
mine if the test could be of use in this country in 
the diagnosis of various gastric and duodenal dis- 
orders. 

Methods 

Technique of the neutral-red excretion (N.R.E.) 
test. — The Gillman method was adhered to with only 
minor modifications. A Ryle or Rehfuss tube was 
passed through the mouth into the stomach of the 
patient, who had fasted overnight. .After the restine 
juice had been drawn off, the stomach was washed 
out with 100 ml. or more of warm water bv means 
of a 20-ml. syringe until the aspirate becarne clear. 
When little or no mucus appeared in the washinc. 
the stomach was emptied and was ready for the test. 
In a few cases, especially in carcinoma of the stomach, 
it ssas found difficult or impossible to obtain a clear 
and clean .aspirate: these were cases with great excess 
of mucus in the juice, often together with altered 
blood. 

Without delay, .s ml. of a I per cent sterile ncutml- 
red aqueous solution was injected intrasenousis as 
rapidly as possible, and a stop-watch was started. 
.-Any remaining stomach contents were remosed as 
soon as the injection was completed. -Subsequent 
aspirations were carried out at l-minute inte.-vals' 
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until the dye first appeared in the juice. After that, 
aspiration was repeated every 2 minutes for the next 
15 to 20 minutes, and later at 3- to 5-minutc inter- 
vals. The period of the test was at least 30 minutes, 
and usually ten to fifteen aspirates were made. The 
entire volume of gastric contents obtainable was re- 
moved at each aspirate and placed in a test-tube of 
5/8 in. diameter upon which was marked the number 
of minutes from the time of the dye injection. The 
complete removal of the gastric contents before and 
immediately after injection and at subsequent aspira- 
tions was considered important ; otherwise an un- 
known dilution factor would occur. Patients were 
instructed to expectorate and not to swallow saliva 
excreted during the test. 

Difficulty in aspiration sometimes occurred : if the 
tube was blocked by a plug of mucus, injection of 
20 ml. or more of air down the tube often cleared it : 
sometimes aspiration was facilitated by the patient 
bending forward. 

The concentration of the dye in each sample of 
gastric juice was estimated by direct vision in a com- 
parator box using standard dilutions of the dye con- 
tained in identical test-tubes. The standard tube was 
backed with a tube containing uncoloured juice, and 
the unknown with a tube of water. With a little 
practice the dilutions were easy to read. 

The standards were kept in well-stoppered test- 
tubes ready for use. Deterioration in colour was not 
appreciable for three or four months. The dye was 
made up in decinormal hydrochloric acid and the 
following dilutions used, viz., 1/300,000, 1/200,000, 
1/100,000, 1/75,000, 1/50,000, 1/30,000, and 1/20,000. 
The actual concentration of the dye was not usually 
recorded but the arbitrary scale of Trace, 1, 2, 3, 4, 
5, and 6 used by Gillman was adopted (Trace = 
1/300,000, 1 = 1/200,000, etc.). Graphic representa- 
tion of each result was made by plotting dye concen- 
tration of the sample against the time in minutes (see 
Figure). 

Further studies of the fasting juice and subsequent 
unstained and stained gastric fractions were carried 
out. The volumes were measured, the presence of 
mucus, bile, and macroscopic blood were noted, and 
benzidine tests for occult blood were performed. 
“ Free hydrochloric acid ” and “ total acid ” estima- 
tions were performed on the fasting specimen and 
on four or five samples of juice removed at consecu- 
tive 5- to 10-minute intervals. The dye was first 
removed from the sample by filtration through two 
or three thicknesses of filter paper, which absorbed 
the neutral red. Sometimes refiltration was necessary. 
Titration was carried out on 5 ml. (or if available 
10 ml.) of the specimen with N/10 or N/20 sodium 
hydroxide, using a drop or two of a mixture of 
Topfer’s reagent and phenolphthalein as indicators. 
If achlorhydria was present, qualitative tests for pep- 
sin were performed on two or three mixed samples 
of juice using coagulated egg-white as a substrate. 

In some of the cases (vide infra) in which excre- 
tion of neutral red did not occur or was very poor 


within the first 30 minutes, aspirations were continued 
every 5 minutes for a further 30 to 60 minutes, some- 
times after an intramuscular injection of 0.5 mg. of 
histamine. 

Fractional lest meals. — These were not performed 
on the twenty “ control " cases, but were carried out 
on patients exhibiting gastric symptoms, usually a few 
days before the neutral-red excretion test was per- 
formed. 

Absence of toxicity. — In the dosage used, neutral 
red was found to be free from toxic or unpleasant 
local or general effects. Its excretion in the urine 
and its colouring of the faeces within the following 
day or two was physiological. It was found advis- 
able, however, to warn the nursing staff and the 
patient of this occurrence so as to prevent undue 
anxiety or alarm. 


Observations 

Results in N.R.E. tests in patients free from 
gastro-inteslinal symptoms. — N.R.E. tests were 
performed on twenty in-patients of a military hos- 
pital who were free of any gastro-intestinal symp- 
toms or signs. It was difficult to find perfectly 
healthy patients in hospital, but patient volunteers 
with various non-gastric disorders were selected. 
They consisted of six convalescent minor surgical 
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Figure. — Normal and abnormal neutral-red excretion 
curves. 


THE GASTRIC NEUTRAL-RED EXCRETION TEST 


219 



Plate Vlfl. — Photograph of a colour drawing showing c.xcretion of 
neutral red by the mucosa of the upper half of the body of the 
stomach (black streaks = neutral red). 


{Original drawing by Miss D. Davidson.) 
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and fracture cases, three patients completely recov- 
ered from old head injuries, two mildly neurotic 
patients, and a case each of Bell’s palsy, tinea 
pedis, convalescent atypical pneumonia, endomc- 
trosis, convalescent tonsillitis, progressive spastid 
palsy, congenital cystic disease of the lungs, and 
convalescent catarrhal jaundice. All these patients 
were out of bed ; they were fit and well and had 
good appetites. 

Only two of the patients were women ; of the 
men, four were Germans, one an Italian, another 
a Pole, and the remainder were English, Scottish, 
or Irish. Two patients were 35 and 48 years of 
age respectively, the remainder IS to 26 years old. 

The details and shape of the N.R.E. curves were 
studied (see figure). The general shape of each 
curve was similar ; dye tinged the juice a faint 
pink within a few minutes, and the concentration 
increased — usually quite rapidly — to reach a maxi- 
mum which was maintained for a period and 


which then declined. Particular attention was paid 
to : 

(1) The excretion time (£.T.), or the period in 
minutes between injection of the dye and its first 
appearance in the aspirate. In all cases this was 
5 minutes or less. It is noteworthy that in seven 
cases dye appeared within 1 minute, in thirteen 
within 2 minutes, and in seventeen cases within 
3 minutes of the injection. 

(2) The concentration time (C.T.) or the period 
in minutes between injection of the dye and its 
earliest maximum concentration in the juice. In 
fifteen cases this was between 8 and 12 minutes: 
in the remainder it was 4, 5, 6, 14, and 19 minutes 
respectively. 

(3) The maximum degree of concentration 
found. (Cm). Using the arbitrary scale of Trace. 
1, 2, — 6 (see above), the Cm in 15 cases was be- 
tween 3 and 5 ; one was 6, three were 2, and one 
was 1. 


TABLE I 

relationship of neutral-red excretion tests to the acid secretion of the stomach 


Group of cases 

No. of 
cases 
in group 

Classification of 

N.R.E. tests 

No. with 
hyper- 
acidity 

No. with 
normal 
acidity 

No. with 
hypo- 
acidity 

No. with 
achlor- 
hydria 

Total 

Non gastric controls 

20 

Normal N.R.E. 

5 

14 



19 

Hypo-excretory, Type a 

0 I I 

! ^ 

H 

1 I 

Carcinoma of 
stomach 

to 

Normal N.R.E. 

1 

2 

0 

0 

1 V. 

Hypo-excretory, Type b 

0 

1 ° 

0 

2 1 2 

N.R. not excreted 

1 ° 

0 1 1 

1 4 

j 5 

Chronic dyspepsia 
and chronic gastri- 
tis 

11 

Normal N.R.E. 

0 

1 4 j 1 

0 

5 

Hypo-excretory, Type b 

I 

1 

0 

0 

2 

N.R. not excreted 

0 

1 


3 

4 

10 

Peptic ulcer 

16 

! 

Normal N.R.E. 

4 

6 

0 

0 

Hypo-excretory, Types a and b 

0 


2 

0 

6 

N R. not excreted 

0 



9 


All Cases 

73 

Normal N.R.E. 

11 

35 


B 

48 

Hypo-excretory 

1 




IB 

N.R. not excreted 

0 


2 

10 

13 

Totals 



12 

42 

6 

13 

73 


Statistical Anah sis — Chi-squared testinq of all cases was done by grouping oF classes owing'to the small numbers. In all arrangements 

used there is a highly significant departure from random distribution (z- = 35.06, 31.3 or 30.09 P< 0-0001). The chief contribution to the 

Chi-squared comes from the achlorhydric cases. 
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TABLE n 

ANALYSIS OF CASES WnH ABNORMAL N.R.E. TESTS 


Case 

Xo. 

Diagnosis 

A'-ray findings 
barium meal, etc. 

Laparotomy findings 

X.R.E. test 

-Alax. free HCl of 

and operation 

E.T. 

■ C.T. 

c- 

gastric juice 

9 

Xon-gastric con- 



B1 





trol 





9 


62%, Normal 


(Beils palsy) 






acidity 


Gastric carcinoma 

Filling defect near 




Never 

Nil 

-Achvlia gastrica 


- 

lesser curvature 



“cofiee-sround*' 


Gastric carcinoma 






fasting juice 


Irregular filling de- 

Inoperable cancer of 

Never 

Never 

Nil 

Achlorhvdrfa 



feet on lesser cur\'a- 

lesser curvature 






. 

ture 







Gastric carcinoma 

Large ulcer on lesser 

Malignant ulcer; 

X'ever 

Never 

Nil 

S% hj-po-acidity 

^HjjH 


cur\’ature 

secondaries in liver 





Gastric carcinoma 

Ulcer on lesser cur- 

High, inoperable car- 

Trace 

Never 

1 at 

Achlorhvdria 



vature 

cinoma 

0 and 11 


13 mins. 






mins. 

Intermittent 


BW 





excretion 


Gastric carcinoma 

Large, pvloric filling 

Pvloric cancer: par- 

Never 

Sever 

Nil 

Achlorhydria 



defect 

tial gastectomv 





Gastric carcinoma 

Filling detect near 

Inoperable carcinoma 

Sever 

Never 

-Nil 

Acblorbvdrja 



cardia 





- 

59 

Carcinoma of 

Filling defect on 

Malignant infiltration 

20 

Never 

1 

.Achlorhvciria 


transverse colon 

greater cun-ature 

of greater cun-ature 

Intermittent 






escretion 



Bl 

Chronicdyspepsia 

A'ormai 



24 

Never 

Trace 

o0%, climbing 

■1 







cun-e in F.T.JL 
Mucus -r -L -t- 


Alcoholic gastritis 

Xormal 

— 

Never 

Never 

Nil 

Achylia gastrica 
■ 


(iritb bepatic 





10 

cirrhosis) 


- 





Chronic gastritis. 

Kormal 



Never 

Never 

Nil 

-Achvlia gastrica 

28 

Chronic gastritis 

Kormal 



10 

Never 

Trace 

70% climbJn? 





Intermittent 


cun-e in F.T.M'. 

00 




e.vcretion 


h}-peracidity 
■12% normal" 

Chronicdyspepsia 

-Mucosal puckering 

Stomach, duodeniun 

Never 

Never 

Nil 

09 

-Alcoholic gastritis 

onlesscrcun-ature, 

? gastric ulcer 

etc., normal 




acidity 

Xormal 


Ner-cr 

Nex-er 

Nil 

Achlorbvdrh 


(u'ith renal colic) 



Normal 

— 

Never 

Never 

-Nil 

Achlorhvdria 









Barium meal =s 

Cholecvstcctomvand 

Never 

Never 

Nil 

Achlorhvdria 



normal. Gastros- 
copy = atrophic 
gastritis 

appendiccctomy 





s 

Gastric ulcer 

Ulcer on lesser cur- 

— 


Never 

Trace 

Tr.icc nf fre'o 



vature 





HCl, I’epcjn 








* ‘co^ec'arour.d ” 








f.astina juice 

25 

Gastric ulcer 

Ditto 

— 

3 


1-2 

12'y low norr:';3l 

42 

Gsistric ulcer 

Ditto 



9 

35 

I 

aczcity 

h%*po-ac!ditv 

20 

Duodenal ulcer 

Shallow ulcer on 

— 

o 

Never 

Trace 




medial border of 





•aciditv 

’ 50 

Duodenal ulcer 

cap 

Ulcer on cap 

Partial gastrectomy 

5 

2S 

2 

CO> normal 

5G 

Gastro-Jcjunal 

(Gastro-cnteroslOTn\ 

\'airotomv 

^ Trace 

25 




ulcer 

several vears pro- 


11-20 






viously) 


mins. 




r. 

Intestinal colic 

Barium mca! and 

— . 

-ii 

Never 

Trace 

Achl-ri.idria 

Cl 

. 

enema « .\.A-D, 


1 



!Vp<;V/- 

Achalasia cardia 

Barium meal inde- 

— 

Never 

Nev, r 

Nil 


u 


finite 






Post-hc*nd-injur\* 

Nonna! 

— 

N^'vrr 

’ NiV^r 

Ni! 




depu'ssion 



r 

i 



P - 


E.T.'-CTdVio'n Tirrjf, C.T. C«. 


Q 
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The norma] curve of N.R. excretion. — Exclud- 
ing one test, excretion of neutral red by the 
stomach began within 5 minutes of the injection ; 
the dye was then concentrated to reach a maxi- 
mum within 19 minutes, and the maximum con- 
centration reached was between 2 and 6. In the 
case of Bell’s palsy showing a Cm of 1 only, the 
E.T. was 1 minutes, C.T. 9 minutes (see Table II). 

Except for the maximum degree of concentra- 
tion, these results are in general agreement with 
those reported by Gillman (1944). He found that 
normal individuals excreted dye into the stomach 
within 10 minutes of the injection (usually 4 
minutes) and concentrated it to an intensity of 4 to 
6 within 20 minutes (average 14 minutes). If Gill- 
man’s maximum concentration is to be accepted, 
then the ten N.R.E. curves with a maximum of 
-3, 2, or 1 would be considered abnormal. None 
of these patients had any symptoms or signs of 
gastro-intestinal disorder, and they formed 50 per 
cent of the present “ control ” series. 

It was arbitrarily decided to consider a Cm of 

1 as abnormally low and to define a normal N.R.E. 
curve as one in which dye is excreted within 10 
minutes and reaches a maximum concentration of 

2 to 6 within 20 minutes of intravenous injection 
of 5 ml. of 1 per cent neutral red. 

Neulral-red excretion tests in patients with 
gastric or intestinal disorders. — ^Tests were per- 
formed in a military hospital and in the Profes- 
, sorial Surgical Unit, Manchester Royal Infirmary, 
on fifty-three patients with disturbed gastric or 
intestinal function. The cases fell into eight 
groups, viz.; gastric carcinoma, peptic ulcer, 
“ duodenitis,” gastric neurosis, lienteric diarrhoea, 
chronic dyspepsia including chronic gastritis and 
alchoholism, cholecystitis, and a miscellaneous 
group. 

The ten patients with carcinoma of the stomach 
were all in the 40 to 70 years age group ; six were 
men. In eight patients clinical and x-ray diagnosis 
was confirmed by laparotomy. One patient had 
primary carcinoma of the transverse colon with 
direct malignant infiltration of the greater curva- 
ture. 

Of the sixteen patients with peptic ulcer, four- 
teen were men; six were under 30, seven between 
30 and 50, and three were more than 50 years of 
age. Diagnosis of duodenal, gastric, or gastro- 
jejunal ulcer was made by correlating clinical 
symptoms and signs with x-ray evidence following 
a barium meal. In ten cases laparotomy was per- 
formed and the diagnosis confirmed. 

The three patients with “ duodenitis ” were all 
men under 30 years old. Diagnosis was made 


when classical symptoms of duodenal ulcer of 
recent origin were present, and when no .r-ray 
evidence of peptic ulcer was found. 

Of the four cases diagnosed as gastric neurosis, 
three were men; all were under 25 years of age. 
.In three an anxiety stale was present; the other 
was a case of depression with vague gastric symp- 
toms following a head injury. 

The three cases with "lienteric diarrhoea were all 
young men ; each gave a classical history of lien- 
teric and post-pandrial diarrhoea of several years’ 
duration. Clinical and .x-ray examinations were 
negative. 

The chronic dyspepsia-gastritis group was a 
heterogenous group of ten men and one woman. 
Four were under 30 years of age, three between 
30 and 50, and the remainder older men. Three 
of the patients were chronic alcoholics and had 
morning anorexia with flatulent dyspepsia (one 
also had mild polyneuritis and liver cirrhosis) ; the 
remainder gave a history of dyspepsia (flatulence 
and/or discomfort after meals) with or without 
anorexia of some years’ duration. In some cases 
the history was typical of chronic gastritis, but in 
others a satisfactory diagnosis could not be made. 
Cardiovascular disease was minimal or absent, and 
neither clinical nor x-ray examination was of posi- 
tive help. In three cases, laparotomy revealed no 
abnormality. 

The diagnosis of cholecystitis in one case (male, 
age 59 years) was made on clinical grounds and a 
negative barium meal radiograph ; in the other (a 
woman, age 62 years), the barium meal radiograph 
showed diminished motility of the stomach, and 
gastroscopy an atrophic gastritis. At laparotomy, 
cholelithiasis was found and cholecystectomy and 
appendicectomy were performed. 

The miscellaneous group were cases of subacute 
nephritis, repeated attacks of acute gastritis, 
achalasia of the cardia, and severe intestinal colic 
of unknown origin. 

Results of 'N.R.E. tests. — Tests on twenty-nine 
of the fifty-three patients were within the normal 
range. The abnormal results fell into two groups, 
viz. ; those in which there was no excretion of dye 
into the stomach (anexcretory type) (13 cases), and 
those in which the dye was poorly concentrated 
(1 1 cases). This group could be subdivided into 
two partially overlapping subgroups; (a) those 
with a normal E.T., Cm less than 2 and a normal 
or delayed C.T., and (b) tests with normal or 
delayed E.T. and Cm 1 or less. The dye excretion 
in three was slight and intermittent. For descrip- 
tive purposes, these will be called hypo-excretory 
types a and b. The figure portrays examples of 



THE GASTRIC NEUTRAL-RED EXCRETION TEST 


223 


these curves in contrast with a normal result, and 
one in which the dye was not excreted. 

Table I classified the tests according to diagnosis, 
the non-gastric controls being included for com- 
parison. Table II is a more detailed case and test 
analysis of the patients with abnormal N.R£. tests. 

Of ten patients with gastric carcinoma, five failed 
to excrete neutral red ; in two excretion was poor 
and intermittent. Four of the eleven patients with 
chronic dyspepsia or gastritis did not excrete the 
dye, in two excretion was poor and delayed or 
intermittent. Both cases of cholecystitis were of 
the anexcretory type, but one patient also had 
atrophic gastritis. Of the sixteen peptic ulcer 
patients, ten had normal N.R.E. tests, the re- 
mainder hypoexcretory curves. Each case of 
“ duodenitis ” and lienteric diarrhoea, and three of 
the patients with gastric neurosis excreted neutral 
red normally. One of the latter (post head-injury 
depression) failed to excrete the dye. Of the four 
miscellaneous cases, the patient with achalasia of 
the cardia did not excrete neutral red and the 
patient with undiagnosed intestinal colic had only 
a very delayed and slight excretion of dye. 

From these results it is clear that abnormal 
N.R.E. tests of the anexcretory and hypoexcretory 
types may occur in various organic disorders of 
the stomach and duodenum. Separate types of 
N.R.E. curves were not detected for particular 
diseases, and therefore the test cannot be of help 
in discrirninating between (say) gastric carcinoma 
and gastritis. It is doubtful whether the test can 
distinguish between organic and functional dis- 
order of the stomach, as cases of achalasia of the 
cardia (a local nervous disorder) and post-head- 
injury depression (with functional gastric symp- 
toms) had ane.xcretory results. Moreover, normal 
N.R.E. tests can be given by patients with well- 
established organic disease of the stomach such as 
gastric carcinoma or peptic ulcer. 

In practice the N.R.E. test is of value when an 
abnormal result is obtained ; the conclusion may 
then be drawn that there is a disorder of the gastric 
mucosa of organic, functional, or possibly reflex 
origin. 

Gillman (1944) found that normal results were 
repeatable after variable intervals of time. To 
confirm this, nine patients were subjected to a 
second test two to five weeks after the first Seven 
had given normal N.R.E. curves on the first occa- 
sion and when repeated these tests were still within 
normal limits ; for example Case 3 (chronic gas- 
tritis) excreted neutral red at 3 minutes and con- 
centrated it to a maximum of 2-3 in 14 minutes: 
five weeks later, excretion of dye began in 
' minutes and reached a maximum of 3 in S 


minutes. Two other patients failed to excrete the 
dye both at the first tests and when these were 
repeated a few weeks later. 

Anatomy and physiology of nentral-red excre- 
tion. — ^Attempts were made to compare the blood 
level of the dye with its concentration in the gastric 
aspirate. In a patient with a blood volume of 
(say) 7 litres, the injection of 5 ml. of 1 per cent 
solution should produce a blood level of dye of 
about 1 in 140,000 or a plasma level of about 1 in 

270.000 if all the dye remains in the plasma and 
if none diffuses into the extracellular tissues or is 
lost by excretion. In vitro e.xperiments showed 
that when neutral red is added to oxalated whole 
blood, almost the entire quantity is present in the 
plasma, where its concentration could be estimated 
colorimetrically up to a concentration of 1 in 

250.000 and detected up to 1 part per milUon. 

Venous blood was removed from eight patients 

(from the arm opposite to the injection) 5 to 20 
minutes after injection of the dye. In no case was 
it possible to detect neutral red in the plasma, 
although at the same time dye was being excreted 
in the juice in concentrations of 1 / 50,000 to 
1 /200,000. In two patients from whom blood was 
removed 5 and 6 minutes after injection, the dye 
was just appearing in trace concentration in the 
gastric juice. The urine was free from dye and it 
was considered impossible that excretion of dye 
could have been responsible for a plasma level 
of below 1 part per million. It was therefore con- 
cluded that neutral red rapidly diffuses into the 
extracellular tissues of the body, is present in a 
concentration of less than 1 in a million in the 
plasma, and is concentrated by the gastric mucosa 
during excretion at least 10 to 20 times. 

In a patient with a duodenal ulcer (Case 49), 
the site of neutral-red e.xcretion was established 
by a method suggested to one of us by Professor 
A. M. Boyd. This patient had an ulcer history of 
twenty years’ duration, verified by barium meal 
x-ray examination. The fractional test meal 
showed hyperacidity and the N.R.E. test per- 
formed the day before the operation was normal 
(E.T. 2 minutes, C.T. 4 minutes. C.m 4). 

Premedication with omnopvon. 1/3 gr„ and 
scopolamine, 1 MSO gr., was given an hour and a 
half before operation which was carried out 
under ether anaesthesia. Partial gastrectomy 
was performed ; during the course of the operation 
5 ml. of 1 per cent neutral red was injcctrf intra- 
senously as soon as the greater curvature had been 
freed and the right gastric artery ligatured. Within 
a few minutes, the upper half of the gastric mucous 
membrane was stained red by the dye (see Plate 
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VIII) and there was a fairly sharp line of demar- 
cation halfway down the stomach below which no 
dye was excreted. The anexcrctory area included 
the lower half of the body of the stomach, (he 
pyloric antrum, and the pylorus. Excretion of dye 
still persisted when the surface was washed with 
saline. 

Was the, lack of the excretion in the lower half 
of the stomach due to tying the right gastric artery 
and freeing of the greater curvature? To exclude 
this possibility the injection of dye was repeated 
several times during the course of further- gastrec- 
tomies for peptic ulceration and the same distribu- 
tion of dye excretion was obtained notwithstand- 
ing when the dye was injected or its relationship 
to the tying of vessels. 

Was the lack of excretion in the lower half due 
to antral gastritis ? The gastric mucosa looked 
normal and subsequent histological examination of 
various areas including the antrum showed no 
abnormality. 

Evidence of the nervous control of dye e.xcre- 
tion was obtained in other cases. In a patient with 
a gastro-jejunal ulcer (see Table II, Case 56) there 
was a low normal gastric acidity before operation, 
and excretion of neutral red occurred although this 
was delayed and rather poor. Four weeks after 
a succcessful transpleural vagotomy the tests were 
repeated. No excretion of dye was found, and the 
patient had achlorhydria. 

N.R.E. tests with normal results were performed 
on five patients, who for various reasons were later 
submitted to sympathectomy: three patients had 
unilateral and two bilateral sympathectomy from 
T 5 to L 3 performed ; splanchnicectomy was also 
carried out. The tests were repeated 2 to 3 weeks 
later and no significant changes in the excretion or 
concentration of dye by the stomach was found. 

Several unsuccesstul attempts were made both in 
rabbits and in man to discover the cellular origin 
of dye excretion. Biopsies of the stomach wall 
from the fundus, body and pylorus were taken 
within a few minutes of an intravenous injection 
of neutral red. The human material was collected 
during the course of partial gastrectomies. 
Frozen and paraffin sections were made and ex- 
amined, stained and unstained, but no intracellular 
dye was seen even after treatment of the section 
with acid (neutral red is yellow in alkaline 
solution). 

These results indicate that the excretion of 
neutral red is limited to the upper half of the 
gastric mucosa, that excretory activity is abolished 
by vagotomy, and that the sympathetic plays no 
part in the control of the excretion. The nervous 
control of the dye excretion and acid secretion is 


identical. Hydrochloric acid is secreted by the 
mucosa of the body of the stomach, probably over 
a wider area than that responsible for ncutral-red 
excretion. The parietal (oxyntic) cells arc not 
present in the pyloric region where an alkaline 
fluid is secreted. Stimulation of the vagus nerve 
in dogs produces a flow of strongly acid juice, 
whilst stimulation of the sympathetic splanchnic 
nerves gives only a slow steady secretion of'fluid 
rich in mucus, often alkaline in relation (Pavlov, 
1910; Carlson, 1923; Babkin, 1938). This latter 
secretion comes mainly from the pyloric glands 
and only to a minor extent from the body of the 
stomach. 

From similar anatomical sites of acid secretion 
and ncutral-red excretion, and from their iden- 
tical nervous control, it might be expected on 
theoretical grounds that a relationship between acid 
secretion and dye excretion exists, and that an 
abnormality in one property would be accom- 
panied by a parallel abnormality in the other, for 
example achlorhydria with failure to excrete the 
dye. 

Relationship of acid secretion to neutral-red 
excretion by the gastric mucosa. — “ Free ” and 
“ total ” acid estimations were performed^ on 
specimens of gastric juice from all patients, 
including the controls. Forty of the cases with 
disturbed gastric or intestinal function had frac- 
tional test meals performed : in fifty cases acidity 
was estimated on several specimens of gastric 
juice obtained during the course of the N.R.E. 
test, and in four of these acid estimations were 
performed on juice obtained after an injection of 
histamine. 

Acid secretion of the stomach has a wide range 
of normality, and it is therefore difficult to decide 
when abnormality begins. Arbitrary figures have 
to be adopted, and it was decided to accept a free 
acid equivalent to 70 ml. of N/10 hydrochloric 
acid per cent (70 per cent) as the limit of the upper 
range. Similarly the limit of the lower range was 
accepted as a free acid volume of 10 ml. of N/10 
hydrochloric acid per cent (10 per cent). If one 
or more fractions of juice had a value of 70 per 
cent or over, hyperacidity was said to be present: 
if all the specimens of juice analysed were less 
than 10 per cent, hypo-acidity was said to exist. 

From an examination of Tables I and II it '5 
clear that the ability of the stomach to excrete 
neutral red and to secrete hydrochloric acid arc not 
necessarily allied. Six patients (Cases 2, 9, 20, 
25, 50, and 56) with normal acid production had 
hypo-excretory dye curves, one patient with hypC' 
acidity excreted the dye poorly (Case 28), and 
another (Case 66) vvith normal acid production 



THE GASTRIC NEUTRAL-RED EXCRETION TEST 


225 


failed to excrete the dye at all. Gillman’s (1944) 
statement that patients with very poor or no 
excretion of dye are always achlorhydric is in- 
correct. ■ However, there is a statistical correlation 
between normal acid production and normal 
neutral-red excretion and between achlorhydria 
and lack of excretion of dye. This relationship 
is probably the reflection of a common anatomical 
mucosal site for secretion and excretion and of a 
common nervous control of these activities. 

Conclusions and Summary 
The excretion of neutral red by the normal 
gastric mucous membrane follows the same pat- 
tern in different people within fairly narrow and 
easily recognized limits. Normality and abnor- 
mality in dj'e excretion is readily established using 
the neutral-red excretion test standardized by 
Gillman. When the test is repeated on the same 
individual, identical or closely similar results are 
obtained whether dye excretion is normal or 
abnormal. Rarely is an abnormal N.R.E. test 
given by a patient with a healthy gastric mucosa, 
and it can be said that abnormality in excretion of 
the dye is strongly suggestive of disordered gastric 
function. 

For these reasons the N.R.E. test is superior and 
more reliable than the estimation of acid secretion. 
Other material advantages include safety, sim- 
plicity, and the short time it occupies. Further- 
more, • the dye and the apparatus are easily 
obtained, and if necessary the test can be per- 
formed by the clinician at the bedside. 

All investigators agree that total failure to 
e.xcrete neutral red is diagnostic of gastric dys- 
function and many (Lourja and Mirkin, 1925 ; 
Morrison, 193S ; Gillman, 1944) that partial sup- 
pression of dye excretion is an abnormal result 
preceding the final stage of total suppression. 
Whilst the present investigation is in the main in 
agreement with these obsers'ations, there is no 
doubt that patients with various disorders of the 
stomach and duodenum, including carcinoma and 
peptic ulcer, may have normal dye excretion. This 
may occur notsvithstanding the duration of the dis- 
order or the severity of the condition. A normal 
result is then of no value in distinguishing a normal 
from a pathological stomach, and the test is not 
nearly as sensitive as Gillman suggests. 

Furthermore, neither a normal nor an abnormal 
result is of diagnostic use in differentiating between 
cancer, gastritis, and other conditions. Although 
the results of the peptic ulcer scries suggest that 


complete suppression of excretion does not occur 
in cases of simple ulcer, this ma\' not be true and 
may result from pure chance in the selection of 
the cases. Functional disorder of reflex or neiwous 
origin may or may not suppress excretory func- 
tion, so that the N.R.E. test is of no value in distin- 
guishing organic from non-organic disease. 

The problem of serial tests on the same patient 
to determine the deterioration or recovery from 
gastric disorder was not studied. 

Although a statistical relationship exists between 
excretion of neutral red and secretion of acid, the 
correlation has exceptions and in any individual 
case disorder of one function may or may not be 
accompanied by a parallel disorder of the other. 

Finally, experiments and observation indicate 
that, following the injection of neutral fed, most 
of the dye rapidly diffuses into the extracellular 
tissue fluid and is present in the blood in minute 
undetectable traces (concentration -< 1 part per 
million) although at the same time it is being 
excreted by the gastric mucosa in concentrations 
up to 1 in 50,000. The parasympathetic vagus 
nerv'es are probably the excitory nerves controlling 
dye excretion, and the sympathetic plays no part 
in the activity. 

The investigations of one of us (S.S.) were carried out 
at the Military Hospital for Head Injuries, WTieatley, 
O.xford, and of the other (R.PJ.) in the Professorial 
Surgical Unit, Manchester Ro>al Infirmary. We are 
indebted to many cUiu'cal and laboratory colleagues and 
to members of the nursing staff of both hospitais for their 
co-operation and assistance. In parU'cuIar we wish to 
thank Dr. J. Bull for his statistical assistance in the 
analysis of part of Table I), Prof. A. M. Boyd for his 
timely suggestions and co-operation during the pursuance 
of the work in Manchester, and Miss D. Dasidson for 
her e.xcellent drawing. We arc indebted to Lieut.-Col. 
E. H. Hall, R.A.M.C., A.D.P. Southern Command, for 
his interest. We acknowledge the permission of the 
Army Medical Department, W'ar Office, to publish this 
investigauon. 
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THE FEULGEN REACTION APPLIED TO CLINICAL 

HAEMATOLOGY 


BY 

C. GARDIKAS AND M. C. G. ISRAELS 

Deportment of Haematology, University and Royal Infirmary, Manchester 
(received for publication, march 22, 1948) 


The Feulgen reaction is a cylochemical test for 
the detection of desoxyribonucleic (thymonucleic) 
acid. After acid hydrolysis, desoxyribonucleic 
acid in the presence of sulphurous acid gives a 
characteristic red-purple colour with basic fuchsin, 
and the depth of the colour roughly reflects the 
concentration of the compound. The detailed 
chemistry of the reaction has been fully described 
by Baker (1942). The reaction has been known 
for fifteen years and is much used in biology, 
especially in genetics, but it has only recently been 
applied to the problems of clinical haematology; 
La Cour in 1944 used the reaction to study mitotic 
abnormalities that occur in the bone marrow 
cells in pernicious anaemia ; Thorell working in 
Caspersson’s laboratory in Stockholm used the 
Feulgen reaction together with ultra-violet absorp- 
tion techniques for studying the intimate meta- 
bolism of nucleoproteins in blood-forming cells 
(Thorell, 1944, 1947). We have utilized the Feulgen 
reaction to give help in classifying blood and 
bone-marrow cells when the differentiation is of 
clinical importance and when the routine methods 
fail to show really clear separation between the 
different types of cells. 

Details of Technical Method 

The technique is a slight modification of those pro- 
posed by Rafalko (1946) and Darlington and La Cour 
(1942). 

Air-dried smears of blood or bone-marrow are used 
and should be fixed as soon as possible, not more than 
one hour after preparation. The bone-marrow is 
obtained by sternal biopsy. The fixing solution is 
composed of; methyl alcohol 15 parts, 5 per cent 
acetic acid 5 parts, formalin (40 per cent formalde- 
hyde) 1 part, and water 5 parts. The smears are 
immersed in this fixative for 10 minutes and then 
treated as follows: 

1. Wash in tap water for 10 or 20 minutes. 

2. Wash in distilled water for 2 minutes. 


3. Place in N/HCI at room temperature for 2 
minutes, then (4) in N/HCl at 60° C. for 8 or 10 
minutes, and (5) rinse with N/HCl at room 
temperature. 

6. Rinse with distilled water. 

7. Stain with leucobasic fuchsin solution (vide infra) 
for 14 to 2 hours. 

8. Put through two or three changes of SO, water 
(vide infra) for 1 or 2 minutes. 

9. Wash in tap water for 10 to 15 minutes. 

10. Then dehydrate by immersing in 40 per cent, 
80 per cent, and finally absolute alcohol for 5 minutes 
each. 

11. Clear with xylol. ' 

12. Mount in a neutral synthetic mounting medium. 

The leucobasic fuchsin is prepared as follows ; a 0.5 
per cent solution of basic fuchsin is decolorized by 
bubbling SO, through it for 1 hour ; if decolorization 
is not then complete, activated charcoal (1 g. to 100 ml.) 
should be added to it, and it is shaken and filtered. 

The SO, water is prepared by bubbling SO. from 
a syphon through distilled water until a saturated 
solution is obtained. 

It is sometimes helpful to counterstain with Jenner's 
stain to outline the cytoplasm and stain cytoplasmic 
granules. This can be done without interfering with 
the Feulgen stain. The Tenner’s stain then replaces 
stage 10 of the technique. 

Nuclear Appearances of Blood Cells when Stained 
by Feulgen’s Reaction 

With this stain the erythrocytes disappear ; the 
leucocytes and erythroblasts take up stain accord- 
ing to the concentration of desoxyribonucleic acid 
present in the nucleus ; immature cells have a 
relatively pale coloration, mature cells a deep 
tint ; the cytoplasm does not stain. The pale- 
stained cells are said to be Feulgen-negative, and 
the deeply-stained cells Feulgen-positlve. Nucleoli 
show up well as clear spaces in the nucleus with a 
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Bone-marrow Cells stained by the Feulgen Technique 

1 —Lymphocytes from a case of chronic b-mphatic leukaemia : (a) Lymphoblast, Feulgcn-negative, fine 
chromatin pattern two nucleoli ; (b) Immature lymphoc>-te, Feulgen-positive, but shrunken nucleoli still 
present; (c) Small’mature lymphocyte, Feulgen-positive, with chromatin concentrations round the periphery. 

2 Megaloblasts untreated pernicious anaemia ; (a) early megaloblast— note network arrangement of 

chromatin and absence of nucleoli; (b) intermediate megaloblast, coarser pattern but network still distinct. 

3 ^Normal erythroblasts : (a) Pro-erythroblast, Feulgen-negativc ; note large nucleolus and fine but 

distinct chromatin pattern ; (b) early normoblast, moderate Feulgen reaction ; note coarse concentration 
of chromatin and absence of nucleoli ; (c) intermediate normoblast, large size, Feulgen-positive with lumpy 
chromatin pattern. 

4. — Megakaryocyte, mature cell moderately Feulgen-posilise, no nucleoli. 

5 Granular leuco-yte series from chronic myeloid leukaemia : (a) tjpical myeloblast, Feulgen-negativc, 

four nucleoli • (b) pro-myeloe>-te, still Feulgen-negativc, only one nucleolus: fc) metamyelocyte, still 

only moderate Feulgen staining ; nucleoli have disappeared , (d) mature pol\morphonu..lear granulocsTc, 
Feulgen-positive streaks ; (e) micromyeloblast ; note relatively pale Feulgen stain, fine chromatin pattern 
and the presence of nucleoli. 
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relatively deep staining rim which is more prom- 
inent in the more mature cells. The appearances 
of individual cells are as follows : 

Granulocytes. — ^In the myeloblast, the nucleus 
takes on a pale stain but the chromatin pattern 
can often be clearly distinguished ; there are two 
to four large nucleoli clearly detectable as colour- 
less spots. The micromyeloblast is rather more 
deeply stained but nucleoli are clear. The 
promyelocyte and myelocyte show changes indica- 
ting increasing maturity — the nucleoli decrease in 
number and size and show a thin surrounding layer 
of Feulgen-positive material. The metamyelocyte 
has no nucleoli,, but is not so deeply stained as the 
• mature polymorphonuclear, which has Feulgen- 
positive coarse chromatin with two or three prom- 
inent positive spots, usually one in each lobe of 
the nucleus. 

Lymphocytes. — ^The lymphoblast has a Feulgen- 
negative nucleus of fine structure, not very clearly 
defined, and there are one or two prominent 
nucleoli. The immature lymphocyte has a coarser 
and more deeply staining nuclear chromatin, but 
nucleoli are still present though small. The nucleus 
of the mature lymphocyte is composed of Feulgen- 
positive blocks of chromatin arranged mainly 
around the periphery. 

Monocj'tes. — ^The mature monocyte has a fine 
chromatin structure and stains a faint pink, hlo 
aggregations of chromatin occur, and there are no 
nucleoU. 

Eiythroblasts (Nomenclature according to 
Israels, 1941). — The pro-erythroblast shows a 
distinct chromatin network but is Fuelgen- 
negative ; nucleoli are prominent and are distin- 
guished by a deeply stained surrounding layer. 

The normoblasts show early appearance of 
Feulgen-positive material ; even the early stage is 
quite deeply stained and shows very well the 
coarsening and clumping of the chromatin strands. 
The intermediate normoblasts are fully Feulgen- 
positive and show the typical coarse' chromatin 
structure. 

In the nicgaloblast series the fine network 
nuclear structure shows up very strikingly when 
this technique is used. The early stages show only 
moderate Feulgen staining ; the nuclear strands of 
the intermediate stage are fully Feulgen-positive. 

hicgakaryocytes. — ^The large nucleus of the 
mature cell is moderately Feulgen-positive and no 
nucleoli arc present. 

Discussion 

The Feulgen reaction has thus several uses as a 
supplementary technique in clinical haematology. 


1. It gives a clear decision about the stage of 
maturity of a given cell. This is very important 
in the leukaemias. A not uncommon cause of 
incorrect diagnosis is confusion between small 
myeloblasts (micromyeloblasts) and lymphocytes. 
Sometimes with ordinary' stains the differentiation 
is very' difficult even with a good technique : in 
particular, nucleoli are often obscured fay Roman- 
owsky stains. Schulten (1937), for e.xample, shows 
on Table 13 in his Atlas a group of cells that he 
caimot clearly define as myeloblasts or lympho- 
cytes. The Feulgen stain distinguishes clearly 
between the Feulgen-negative myeloblasts with 
well-defined nucleoli and the Feulgen-positive 
lymphocytes w'ithout nucleoli. 

In chronic myeloid leukaemia the presence of 
myeloblasts can be used to assess the progress of a 
case and response to treatment ; if these immature 
cells are few and their proportion decreases with 
treatment, the prognosis is good. It is much more 
difficult to assess a case of lymphatic leuleuamia 
in this w'ay, because with Jenner-Giemsa stain it 
is not a simple matter to detect immature lympho- 
cy'tes. The Feulgen stain provides the necessary' 
information, as the proportion of negative or 
weakly positive lymphoblasts and immature 
lymphocytes with detectable nucleoli is readily 
determined and these cells contrast well with the 
Feulgen-positive mature lymphocytes without 
nucleoli. 

2. The characteristic difference between normo- 
blasts and megaloblast is in the nuclear structure, 
the chromatin being arranged respectively in 
clumps or in network of strands. The Feulgen 
stain gives a sharper picture of the intimate nuclear 
structure than is possible with Jenner-Giemsa, and 
another difference is that the normoblasts become 
more deeply stained at an earlier stage of develop- 
ment than the megaloblasts. 

3. The differentiation between lymphoblasts 
and myeloblasts is a problem as old as clinical 
haematology', and many techniques — dark-ground 
illumination, supravital staining, o.xidase stains — 
have been applied with indifferent success. The 
Feulgen reaction helps because it defines nucleoli. 
N'aegcli (1923) pointed out that, whereas lympho-' 
blasts have few' nucleoli, in myeloblasts they arc 
usually multiple. In our experience there arc 
usually one or two nucleoli in lymphoblasts, rarely 
three : whereas in myeloblasts there are two to 
four nucleoli, most commonly three. Nucleolus- 
counting can be a difficult task with Jenner- 
Giemsa-stained preparations ; with Feulgen s’cain 
it is an easy matter to see uhether the 'majority 
of the immature cells have few or manv nucleoli. 
The presence of a majority of cells with three or 
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more nucleoli suggests a myeloblaslic form of 
leukaemia. 

The- nucleoli with their rim of dark-staining 
material are- a typical feature of the Feulgcn- 
stained cells. They appear often much larger than 
in the Jenner-Giemsa stained preparations. Thorell 
has related the number and size of the nucleoli to 
the amount of cytoplasm that is to be formed by 
the cell in the course of development. The myelo- 
blasts of acute leukaemia often have numerous 
and prominent nucleoli, yet fail to develop cyto- 
plasm. Two possible explanations are that the 
cells are abnormal, like malignant cells, and do 
not develop normally ; or that they are normal 
cells in an abnormal environment. In support of 
the latter explanation are Israels’ (1940) observa- 
tion that leukaemic myeloblasts in culture could 
mature into myelocytes, and Schwind’s (1947) 
claim that injection of normal blood plasma tends 
to decrease the proportion of myeloblasts in the 
blood. It is therefore likely that in pathological 
states the connexion between nucleolar mass and 
cytoplasm formation is disturbed. 

Summary 

1. Details are given of a rapid technique for 
applying the Feulgen reaction to blood and bone- 
marrow cells. 

2. The appearances of the more important 
blood and bone-marrow cells when stained by this 
Feulgen technique are described and illustrated. 


3. The Feulgen reaction is a valuable supple- 
mentary technique in clinical haematology for the 
following reasons; 

(a) It distinguishes between immature and 
mature cells, cspeciallj^ between lymphocytes and 
micromyeloblasts, and it can be used to assess 
the proportion of immature cells in lymphatic 
leukaemia. 

(b) The nuclear dihcrcnccs between normo- 
blasts and megaloblasts are sharply defined. 

(c) It defines nucleoli very clearly and can 
therefore aid in distinguishing lymphoblasts with 
one or two nucleoli from myeloblasts with two 
to four nucleoli. 

4. The suggested correlation between number 
and size of nucleoli and subsequent cytoplasm 
formation appears to be disturbed in disease. 

The plate was painted by Miss D. Davison, medical 
artist to the University. 
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During physiological blood coagulation after 
injury the “ clotting enzA’tne,” thrombin, is always 
formed in excess. Such large amounts of 
liberated thrombin would ultimately cause exten- 
sive intravascular thrombosis, were it not for the 
presence of substances with antithrombic activity’, 
which destroy the thrombin formed, partly before 
and partly after its action upon fibrinogen. While 
these substances are of great protective im- 
portance in physiological blood coagulation, they 
have hampered in vitro work considerably. Much 
difficulty has been caused by them in the quan- 
titative determination of prothrombin, because it 
has not been possible to convert prothrombin to 
thrombin completely in plasma or whole blood 
and to measure thereafter the activity of the latter 
in clotting fibrinogen. An undeterminable part of 
the thrombin formed has always been destroyed 
by antithrombic activity. 

In the same way, the in vitro isolation of 
thrombin for the purpose of haemostasis has been 
hampered by such destruction of thrombin imme- 
diately after its formation. WTiile American 
authors (Cohn and others, 1940, 1946 ; Edsall and 
others, 1944 ; Milstone, 1942 ; Seegers, 1940 : 
Sccgers and McGinty, 1942 ; Seegers and others, 
1938, 1945) have solved this problem by the isola- 
tion, instead of thrombin, of its precursor, pro- 
thrombin, and by subsequent elaborate purifica- 
tion of the latter to separate it from as much 
■ antithrombin as possible, yet they have not been 
able to remove all the antithrombin, and this is 
shown by the fact that their preparations arc not 
'Cry stable in the liquid state. 

Recently it has been found that the antithrombic 
activity of plasma can be specifically suppressed 
by dilute ethyl alcohol (Sternberger, 1947), and the 


effect was made use of for the development of a 
simple two-stage method for the determination of 
prothrombin that is independent of any inactiva- 
tors and that is thus able to determine prothrom- 
bin quantitatively (Sternberger. 1947, 1948). In 
the present communication preliminary experi- 
ments are reported upon the isolation and clinical 
use of thrombin from blood in which the anti- 
thrombic activity has been suppressed and pro- 
thrombin subsequently converted to thrombin. It 
will be shown that this preparation offers the 
following advantages over previous ones: 

1. The thrombin obtained is completely free 
from antithrombin, not only separated from it by 
fractional purification as in previous methods. 
Therefore the thrombin is stable for many months, 
in the liquid state, diluted or undiluted. Other 
thrombin preparations are not stable once they 
have been diluted (Bailey, 1945 ; Glazko, 1947). 

2. No elaborate purifications are necessary in 
the preparation of our thrombin. The procedure 
is, therefore, so simple that any laboratory can 
produce its own thrombin for surgical haemo- 
stasis. No complicated equipment is necessary. 

3. During its preparation our thrombin is co- 
precipitated with acacia. The presence of acacia 
gives the thrombin a sticky consistency.' This 
makes it possible to use thrombin solutions effec- 
tively with much smaller activity than hitherto, 
derived from a correspondingly smaller amount of 
blood. 

Method of Preparation of Thrombin 

Step / : " Throrr.bir.izmion." — A temperature be- 
tween 16' and 22" C, (60.8' to 7I.6‘ F.) is mai.n- 
taired white the following ing.-edients arc placed 
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successively into a flask and stirred after each 
addition ; 

380 parts of 50 per cent by volume of ethyl alcohol 
in normal saline solution. 

145 parts of normal saline solution. 

25 parts of 0.2 M calcium chloride solution. 

210 parts of human blood (whole blood ; 9 parts of 
blood obtained by venepuncture and rendered 
incoagulable by addition to 1 part of 0.1 M 
sodium oxalate solution). 

75 parts of human milk.* 

75 parts of 50 per cent by volume of ethyl alcohol 
in normal saline solution. 

The material obtained after the lapse of about 5 to 
10 minutes (crude thrombin) will clot an equal volume 
of human plasma in 6 to 8 seconds. It is very stable. 
It may be processed immediately or may be kept in 
the refrigerator without loss of activity for at least 
eight months. 

The subsequent steps may be performed at a 
temperature between 16° and 28° C. (60.8° to 
82.4° F.). 

Step 2 : Denaturation of labile blood proteins . — 
To 32 parts of “ crude thrombin ” (shaken well to 
obtain a uniform suspension) are added 18 parts of 
95 per cent ethyl alcohol by volume. The whole is 
shaken violently and centrifuged immediately. The 
supernatant fluid is decanted, and Step 3 immediately 
proceeded with. 

Step 3 : Eiution. — The sediment, stirred well to 
break it up as completely as possible, is. again dis- 
solved in 32 parts of a 10 per cent solution of 
powdered acacia in normal saline and centrifuged. 

Step 4 ; Co-precipitation. — ^To 30 parts of the super- 
natant fluid are added 32 parts of 95 per cent of 
ethyl alcohol by volume and the whole is well mixed 
and centrifuged. The supernatant fluid is decanted 
and the next step immediately proceeded with. 

Step 5 : Resolution. — ^The sediment is dissolved in 
3 parts of normal saline solution. This is done by 
wiping the sticky sediment around a glass rod and 
breaking it up by pressing it at the same time against 
the walls of the centrifuge tube. It will then dis- 
solve easily in the relatively small volume of added 
liquid. 

We usually dissolved the sediment of thrombin and 
acacia in a solution of 1:1,000 merthiolate (sodium 

• Many samples of blood carry with them enough thromboplastin 
for making it unnecessary to add further thromboplastin for the. 
conversion of prothrombin to thrombin in the presence of ethyl 
alcohol. But the occurrence of sufficient amounts of thromboplastin 
in the blood is very irregular, so that it becomes necessary to use 
additional thromboplastin to obtain a dependable preparation of 
thrombin. 

In this preparation of thrombin from human blood human milk is 
used. It has been claimed that foreign protein in thrombin prepara- 
tions would sensitize the patient. However, conclusive proof of this 
warning is lacking. 

Cow’s milk also contains thromboplastin, but its activity is much 
smaller than that of human milk. 


ethyl mercurithiosalicylatc) in normal saline. When 
thrombin was being prepared for surgical use, sterile 
technique was employed from the moment of the 
second addition of alcohol on (in Step 4) (steriliza- 
tion by 50 per cent alcohol). In this case the final 
thrombin and acacia solution was dissolved in 1:7,500 
merthiolate in normal saline solution. All our throm- 
bins so prepared were tested for sterility, and in none 
did any growth take place. 

Results 

The Table gives the clotting times obtained with 
our acacia-containing thrombin solution. No loss 
of activity of the thrombin solution took place 
during a period of six months’ storage in the ice 
box. 

TABLE 

CLOTTING TIME WITH ACACIA-CONTAINING THRO.MBIN 
SOLUTION 


' 

Dilution of thrombin 
(after addition to test 
plasma) 

Clotting time (seconds) 
(assay by adding 0.2 ml. 
of diluted thrombin to 
0.2 ml. of oxalated 
human plasma) 

1 : 2 

2 1/2 

1 : 6 

2 

1 : 10 

5 1/2 

1 : 20 

10 

1 : 40 

18 


Clinical Use 

Because of the admixture with acacia, the 
thrombin preparation, when applied to a wound, 
will adhere to the bleeding surface. It does, there- 
fore, as shown by clinical experience, prove effec- 
tive as a haemostatic agent, although its in vitro 
activity is less than that of some- other prepara- 
tions of thrombin, this corresponding to the 
smaller amount of blood required for its isolation. 

Our thrombin can be applied by simply placing 
a few drops of the gelatinous solution upon a plug 
of gauze. The stickiness of the acacia prevents 
the thrombin from being soaked up by the gauze, 
the solution tending to adhere to its surface. Thus, 
it produces an effective haemostatic layer between 
gauze and bleeding wound. The fact that the pre- 
paration is not soaked up by the gauze also adds to 
the economy of its use. The gauze covered with 
thrombin-acacia is applied to the wound until hae- 
mostasis is produced. It may then be removed. 
While a clot is produced at the interface between 
the thrombin-acacia and the bleeding surface, this 
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clot— because of the stickiness of the preparation 
— does not extend beneath the surface of the 
gauze, and does not, thereTore, cause fresh lacera- 
tion and fresh bleeding when it is subsequently 
removed (a difficulty encountered by Tidrick and 
others (1943)- in the use of their preparation with 
cotton plugs and bits of gauze). Bleeding also 
recurs, as reported by Bailey and others (1945), if 
fibrin foam (Cohn and others, 1940, 1946 ; Edsall 
and others, 1944) applied to a wound with throm- 
bin is removed after production of haemostasis. 

The stability of our preparation in the liquid form 
makes it possible to use a few drops of thrombin for 
one purpose, and to store the remainder of the bottle 
in the refrigerator until new requirements arise. This 
further adds to the economy of the preparation, in 
contrast to those products that are supplied in a 
powdered form and cannot be stored ^fter once having 
been dissolved. Even a few hours’ storage at sub- 
tropical room temperature (26° to 28° C. (78.8° to 
82.4° F.) in our laboratory and hospital at the time 
this preparation was being developed and tried clinic- 
ally) does not impair the effectiveness of our prepara- 
tion. The thrombin prepared by Cohn and his team 
is rapidly destroyed at temperatures higher than room 
temperature (Bailey and others, 1945). 

The thrombin described here has been used by Dr. 
Lachmann, Chief of the Otolaryngology Department 
of this hospital. He reports as follows; 

“The thrombin was used in twenty tonsillecto- 
mies and in eight Caldwell-Luc's operations on the 
maxillary sinus. In tonsillectomies, at the comple- 
tion of the operation a tampon of gauze covered 
with a few drops of thrombin solution was applied 
with slight pressure for 1 to 2 minutes to the tonsil- 
lar bed. It was then removed. At this time the 
wound was dry in every instance, including cases 
in which bleeding before application of thrombin 
Was very strong. Only spurting blood vessels were 
ligated before using the thrombin. Many cases 
Would have required careful ligation, had thrombin 
not been used. 

In Caldwell-Luc’s operation on the maxillary 
sinus, 1 to 3 ml. of thrombin were instilled upon 
completion of the operation. Bleeding always 
stopped within a short time (2 to 5 minutes). The 
cavity remained without tampon. Only in one case, 
which showed very heavy haemorrhage because of 
hypertension (270/140 mm. Hg). the cavity was 
packed lightly with gauze upon which thrombin 
had been placed. This stopped the haemorrhage 


at once, without recurrence upon removal of the 
tampon the following day.” 

The thrombin was also used in a case of dicou- 
marol hypoprothrombinemia (Sternberger, 1948) 
(prothrombin: 12.5 per cent determined by the 
stabilized thrombin method (Sternberger, 1947) ). 
The patient started to bleed from the operation 
wound eleven days after the second stage of 
Lahey’s abdominal-perineal resection of the rec- 
tum (Dr. Joseph). Haemostasis with thrombin was 
immediate. 


Summary 

The principle of the suppression of the anti- 
thrombic activity of plasma by ethyl alcohol was 
applied to the development of a new method for 
the isolation of thrombin. The simplicity of the 
method makes it possible for any clinical labora- 
tory to prepare thrombin for its own use for 
surgical haemostasis. The thrombin prepared is 
stable in the liquid form. The clinical use of the 
preparation in haemorrhage and the advantages of 
admixture of acacia with thrombin have been 
discussed. 5 

1 wish to thank Prof. E. Wertheimer, Chief of 
the Department of Pathological Physiology, Hebrew 
University, and Director of the Chemical Laboratory, 
Rothschild Hadassah University Hospital, for his un- 
failing counsel during this investigation, I am grate- 
ful to Dr. Lachmann. Chief of the Otolaryngological 
Department, Rothschild Hadassah University Hospital, 
for his readiness to make the first clinical trials with 
the preparation described, and for his advice during 
its surgical application. 
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The agglutination test for Weil’s disease 
(leptospirosis icterohaemorrhagica) is essentially 
the same as other serological procedures. The 
disease, however, is comparatively uncommon, and 
the leptospira suspensions are relatively unstable. 
For these reasons there has been a tendency for 
work on leptospirosis to be concentrated in a few 
laboratories. The observations recorded here are 
based on the findings in agglutination tests carried 
out on serum from 219 cases of leptospirosis and 
from 875 patients suffering from other diseases. 
Epidemiological and clinical notes on some of 
these cases have been described by Broom and 
Alston (1948). 

Serological Mctliods 

Agglutination of formalinized cultures of Lepto- 
spira icterohaemorrhagiae was the diagnostic test used 
in . this work. Some workers prefer suspensions of 
living organisms, but the need to have well-grown, 
active cultures always available is a disadvantage in 
routine work, and in our experience the two methods 
are equally sensitive. Furthermore, with either fresh 
or inactivated serum, formalinized suspensions aggluti- 
nate in the same manner over the ‘whole litre, whereas 
living cultures lyse in some dilutions of serum, and 
thereafter present a series of varying agglutination 
pictures at the different serum-concentrations. In 
addition, a single strain of leptospira may be lysed 
by one serum and agglutinated by another, in the 
same dilution.s. All these variations are of interest and 
value for research purposes, but they introduce un- 
necessary complications for clinical diagnosis. 

Antigen. — The same strain of L. icterohaemor- 
rhagiac was used throughout, although parallel tests 
were often carried out with other strains. This strain, 
“ Jackson," was isolated in 1935 from a human case 
of Weil’s disease, and contains both the A and B anti- 
gens described by Petersen (1939). Though now com- 


pletely non-virulent for guinea-pigs, it provides a satis- 
factory agglutinating suspension. 

Slock cultures are maintained in Fletcher’s (1927) 
agar medium and are used to inoculate flasks of 
Fletcher's broth (in which broth is substituted for 
agar) or of Korthof's (1932) medium. The cultures 
are incubated at 26° C. for five to seven days until 
they reach a density of about 10’ leptospirae per ml. 
In practice, no count is made ; the density is judged 
by examinining a drop of culture by dark-field illumin- 
ation with a 16-mm. objective and a x 10 ocular. 
Sufficient formalin is added to give a final concentra- 
tion of 0.2 per cent ; the suspension is ccntrifugalized, 
and any deposit is discarded. 

The stability of formalinized suspensions of lepto- 
spirae is very variable, and the responsible factors are 
not yet known. It is our custom, therefore, to pre-, 
pare quantities of only 50 or 60 ml. at one time, and 
to renew the suspensions at intervals of a few weeks. 
The suitability of the new suspension is determined by 
testing the litres of known positive sera in parallel 
against old and new suspensions. If the new culture 
differs in agglutinability to an appreciable extent, it is 
discarded. No attempt has been made to work out 
a factor for different suspensions, as is done, for 
example, with standard agglutinating suspensions of 
the enteric group of bacteria. 

Agglutination test. — The technique used is that 
described by Schiiffner and Mochtar (1927). Mixtures 
of serum and antigen are prepared so that the final 
dilutions of serum are 1/10, 1/30; 1/100, 1/300, etc., 
and interaction is allowed to continue overnight at 
room temperature or at 5° C. A single drop of each 
dilution is ex’amined, without a coverglass, by dark- 
ground illumination, using a 16-mm. objective and a 
X 12.5 ocular. In our opinion this is the best method 
of reading the result, because this magnification allows 
true agglutination in lorv dilutions (1/10 and 1/30) to 
be distinguished from the non-specific clumping which 
is produced by a small proportion of sera. In true 
agglutination, loose iloccules of leptospirae are seen 
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against a background containing no free organisms, 
whereas non-specific clumping shows small, compact, 
refractile masses in which only a proportion of the 
leptospirae have become entangled, leaving the 
majority free in the field. For confirmation in doubt- 
ful cases the specimen is e-icamined with a 2-mm. 
objective. 

- Specificity of tlie Reaction 

Most observers would agree with Smith and 
Davidson (1936) that “ the sero-reaction is entirely’ 
specific, agglutinins and lysins being formed as a 
result of leptospira infection only.” These 
observers found no agglutination' in serum dilu- 
tions of 1/10 in a series of 403 control tests. 
Stuart (1946) states that he has “ never found anti- 
bodies at a litre of 1/10 in people who had not 
been exposed to known or highly probable lepto- 
spiral infection.” Ward and Turner (1942), in a 
survey of workers in different trades, accept a 
litre of 1/10 as evidence of old infection. 

Evidence of a more direct nature is available 
from the work of Alston and Brown (1935), who 
tested sera from sewer-workers and found that 
samples with' agglutination litres of 1 / 100 would 
protect guinea-pigs against infection with virulent 
L. icterohaemorrhagiae. The subjects were in 
normal health when the blood samples were taken, 
and the agglutination was presumed to be due to 
residual antibodies from past infection. Similar 
results were reported by Mason (1938), who- ob- 
tained partial" protection by serum showing a 
litre of r/30, and complete protection by sera with 
litres of 1/100 and 1/300. Our experience of the 
agglutination test is, in the main, in agreement 
with these opinions. In this series there were 875 
patients where the final diagnosis was not Weil’s 
disease. Of these, nine sera gave agglutination in 
dilutions up to 1/30, and a further fourteen in 
a dilution of 1/10 only. Most of these patients 
worked at occupations where Weil’s disease is a 


recognized hazard, for example on farms, in coal 
mines, or in sew'ers, so the possibility of^previous 
contact with leptospirae could not .be ruled out. 

Para-agglntinins 

Although a positive agglutination test is a 
specific sign of infection with leptospirae, there is 
some serological overlap between L. icterohaemor- 
rhagiae and the dog leptospira, L. canicola, which 
also is infective to man though only to a minor 
extent. In most instances the litre of a serum is 
10 to 100 times higher for the homologous species, 
but occasionally, in the early stages of the disease, 
the litres run parallel, or may even be higher with 
L. canicola. According to Gispen and Schtiffner 
(1939) this is more likely to happen whea the in- 
fecting leptospira is of the “ incomplete ” type of 
Petersen. An example of this effect is shown in 
Table I, which sets forth the litres against the two 
leptospirae of specimens of serum taken on the 
sixteenth and twenty-sixth days of illness. An 
earlier specimen, of the eighth day, was negative 
with both leptospirae. Absorption tests on the 
sample of the sixteenth day showed the infection 
to be due to L. icterohaemorrhagiae, but the strain 
was not isolated to test whether it was of the 
incomplete type. 

Time of Appearance of Antibodies and Titres 
Reached 

A certain number of obsen-ations have previ- 
ously been made on the interv'al which elapses 
between the onset of symptoms and the appear- 
ance of demonstrable agglutim'ns in the serum, 
and also on the manner in which the antibody 
litre rises during the course of the disease. In the 
opinion of Posimus (1933) no positive result is to 
be expected until after the sixth day; reactions 
then occur in low dilutions (I/IO to ‘l /25). and 


TABLE I 

AGGLUnNATION OF L. ICTEROHAEMORRHAOtAE AND L. CANICOLA WITH WEIL’s DISEASE SERUI.t 


- 

Dilution of serum j 

- 


1/30 

I, '100 j l.'SOO 

l/IOOO 1 

j 1/3000 j 1/10.000 : 

L. icterohaemorrhagiae 

+ i 

-r 

-f • -r 

-r i 

I i ; — ' Scrum of 

L. canicola 

1 


- 1 + i 

-r 

j . i I 1 6th day 

L. icterohaemorrhagiae 

-f- 

i -r 

i -i. 1 .^ ! 

; 1 ■ 1 

1 ■ 1 

1 • 1 

i "F I — ' Serum of 

L. canicola 

-f 

1 F 


Bi 

_ I . ‘ day 


-r 3ssluiir.2fic?n ; :r =• panial — »» no 
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TABLE 11 

RELATION BETWEEN DAY OF DISEASE AND APPEARANCE AND DEVELOPMENT OF ANTIBODIES 


Day of disease 


2 

3 

4 

5 

6 

7 

8 

9-13 

|- 14-20 

1 

<20 

0 

0 





300 

300 




0 

0 




100 

1,000 

300 




30 






10,000 





0 





300 

1,000 




0 





300 

3,000 




a 

0 

10 


1,000 

3,000 




0 

. 



1,000 

3,000 





30 




1,000 





100 




3,000 






300 

0 



3,000 

1,000 






0 





3,000 





0 





3,000 





0 



300 


10,000 





10 



1,000 






30 



100 







30 



3,000 







30 



3,000 






30 



1,000 

30,000 




* 


0 


1,000 






0 



1,000 







10 



300 

3,000 






30 




10,000 ■ 






100 


300 

1,000 

. 3,000 






100 



3,000 

3,000 






300 



3,000 

3,000 






1,000 

0 


3,000 

3,000 

30,000 







30 

1,000 








30 

3,000 








100 


1,000 . 








100 


3,000 








100 



10,000 







300 


1,000 








300 

1,000 

3,000 






0 



0 

100 

300 




0 




0 


30,000 


0 = No agglutination at dilution of I/IO. 10, 30, etc. = Reciprocals of agglutination litres. 


the titre rapidly rises to reach a maximum of 
1/10,000 to 1/100,000 by the end of the third 
week. Kisker (1935) considers that agglutinins 
are not present before the eighth day, when litres 
of 1/160 to 1/300 arc obtained; thereafter a 
maximum of 1/40,000 to 1/80,000 is reached 
between the fifth and seventh weeks. Mochtar and 
de Reedc (1941) also found the agglutination test 
negative during the first week ; the highest litres 
in their scries occurred during the third and fourth 
weeks. 

We have carried out tests at the relevant times 
on thirty-nine patients, and the results are set out 


in Table 11. The wide variation in the day on 
which antibodies appear, the rate at which the titre 
rises, and the maximum reached, is very striking. 
The earliest positive agglutination was recorded 
on the fourth day after onset, but negative as well 
as positive results were obtained on all days up to 
the eighth, and two sera were still negative on the 
twelfth and thirteenth days respectively. In some 
instances, of course, the onset may have been 
gradual and the stated day may not be quite 
accurate, but the disease began abruptly in the 
patient whose serum gave a positive result on the 
fourth day. 
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As will also be seen from the table, there is no 
apparent correlation, either positive or negative, 
between the time of first appearance of antibodies 
and the final titre. On the average, the titres seem 
to be lower than those often recorded, and 'we 
have never found anything approaching, for in- 
stance, the 1/2,000,000 reported by Senthille and 
others (1946). We have tested serum from 169 
patients during the third week of illness or later, 
and the highest titres reached are shown in 
Table HI. Only about 20 per cent rose to 1 / 10,000, 
and 7 per cent as low as 1 / 300. 


' TABLE III 

HIGHEST TITRE OF 169 SERA TESTED DURING THIRD OR 
L.\TER WEEK OF DISEASE 



Reciprocal of titre 

No. of sera 
with titre . . 

1 

300 

1,000 j 3,000 ; 

10,000 i 30,000 

1 i 

12 j 47 

! ” ' 

: 30 1 7 

i i 


Effect oE Therapentic Serum 
In some cases the question arises whether the 
administration of therapeutic serum has vitiated 
the result of a test. Alston (1940) found that the 
agglutination became negative in rabbits within 
three days after the injection of 10 ml. of anti- 
leptospiral serum per litre of plasma. We tested 
the result in the human case of influenza, described 
by Robertson (1946), who received approximately 
40 ml. of immune horse-serum per litre of plasma. 
The agglutination titre of the horse serum was 
1/30,000, which would give a calculated titre of 
about 1/1,000 in the general circulation. Samples 
of blood taken five and sixty minutes after admin- 
istration shosved a titre of 1 / 300. The level fell 
to 1/100 after twelve hours, and to 1/30 after 
twenty-four hours. 

Persistence of Antibodies 
It has been shown by a number of workers that 
antibodies can be demonstrated in the serum 
many years after recovery from an attack of WeiTs 
disease. Thus Kisker (1935) found positive agglu- 
tinations from two to sixteen years after recovery’ ; 
Uhlenhuth and Fromme (1930) after twenty-two 
years ; and Stuart (1939) after twenty-eight years. 
Wc have had few opportunities to examine serum 
after recovery, and the longest interval was four 
years, but agglutinins were present in all cases. 
The practical importance of these residual anti- 
bodies will be referred to later. 


Discussion 

A number of factors must be taken into account 
when the clinical significance of the -results of 
leptospiral agglutination tests is being assessed. 
Although in general the test is positive about the 
end of the first week, there are occasions when the 
appearance of agglutinins is delayed, as in the two 
cases cited above svhich still reacted negatively' on 
the twelfth and thirteenth days respectively. A 
negative finding may thus merely mean that the 
blood was examined before antibodies /were 
present Multiple negative tests throughout the 
course of illness will exclude Weills disease with 
considerable certainty, because it must be very’ rare 
to find cases such as that reported by Gamier and 
Reilly (1917), in which, although leptospirae were 
isolated from the patient, no antibodies appeared 
in the blood. 

Positive agglutination reactions may be the 
result of (1) the administration of immune serum ; 
12) the presence of residual antibodies from past 
infection ; (3) present disease. 

The giving of serum might affect the result of 
the test in the early stages, and should be reported 
by the physician who sends blood for examination. 

The possibility of past infection is important in 
patients who have been in contact directly or in- 
directly with rats. McKeon and Brown (1936) 
describe an attack of infective hepatitis in a miner, 
where the diagnosis was comph'cated by a positive 
leptospira agglutination. Three similar cases have 
occurred in this series. The jiatients. a farm 
worker, a seaman, and a refuse collector, all suf- 
fered from jaundice. Each case showed a positive 
agglutination titre of 1 / 100 or 1/300 but, as there 
was no increase at subsequent tests, the illness was 
obviously not Weil’s disease. 

When the clinical picture is suggestive, the 
results shown in Table III indicate that a positive 
agglutination in serum dilutions of 1/1,000 or 
more may be accepted as confirming the diagnosis. 
The interpretation of a lower titre is difficult if the 
findings of only one test are available. As is 
shown in Table II, titres as low as 1/300 or even 
1 / 100 may occur quite late in the disease. In two 
of these patients the diagnosis was proved correct 
by isolating leptospirae from the urine. Low read- 
ings cannot therefore be automatically regarded 
as resulting from past infection. The correct 
decision can be reached only by repeated examina- 
tions. 

Early in the disease, say up to the fourteenth 
day. we would consider positive agglutination even 
to the lowest titres to be suspicious, and recom- 
mend the testing of further specimens. 
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Summary 

1. A description is given of the material and 
methods used in applying the leptospira agglu- 
tination test to serum from 219 cases of Weil’s 
disease and 875 of other illnesses. 

2. Evidence is put forward confirming the speci- 
ficity of the test. 

3. The shortest interval after the onset of symp- 
toms at which antibodies were detected in the 
serum was four days. Both positive and negative 
reactions occurred up to the eighth day ; two sera 
which later became positive were still negative on 
the twelfth and thirteenth days respectively. 

4. Examples are given of the variability of the 
rate of production of antibodies, and of the highest 
titre reached in individual patients. 

5. In a single experiment samples of serum were 
tested from a subject who had received 40 ml. of 
antileptospira serum per litre of plasma. From an 
initial titre of 1/300 at five minutes, the antibodies 
fell to 1/30 at twenty-four hours 

6. In discussing the clinical interpretation of 
agglutination tests, stress is laid on the need to con- 
sider the result in conjunction with the length of 


time after infection, and to bear in mind the possi- 
bility of previous contact with infection. ■ 

7. With suggestive clinical symptoms, an agglu- 
tination titre of 1/1,000 is considered to confirm 
the diagnosis. With lower litres and in doubtful 
cases repeated tests are recommended. 
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SALMONELLA BIRKENHEAD: A NEW SALMONELLA 
TYPE CAUSING FOOD-POISONING IN MAN 

BV 

JOAN TAYLOR AND S. H. DOUGLAS 

From the Salmonella Reference Laboratory, CoUndalc, London 

{RECEI\'ED for PUBLICATION’, MAV 18, 1948) 


During (he six weeks from mid-July to the end 
of August, 1947, nine strains of a new Salmonella 
type were received from nine patients living in 
different parts of England, five of them in the 
Cambridge-Ipswich area. 

Clinical History 

• Of the nine cases, seven gave a history typical of 
acute gastro-enteritis ; one had enteritis only, and the 
last patient, who was investigated for reasons not 
relevant to the present paper, was a symptomless 
cxcretor of the organism. The patients with gastro- 
enteritis complained of sudden onset of the disease 
with headache, abdominal pain, vomiting, and diar- 
rhoea, and'all showed some rise in temperature. The 
eighth case, a child, had similar symptoms except that 
she never vomited. Three patients^ were sufficiently 
ill to be admitted to hospital, one of them being 
described by her doctor as having symptoms sugges- 
tive of enteric fever. A fourth patient had been in 
hospital for six weeks with cardiac disease when he 
suddenly complained of diarrhoea : this case termi- 
nated fatally after a two-day illness, but it is impos- 
sible to say Jiow far the Salmonella infection may have 
contributed to the fatal issue. The findings are sum- 
marized in Table I. 


In all nine cases the organism (Saint, birkenlicad, 
VI, Vn ; c — s-1,6) was isolated from the faeces. 
An attempt was made to determine whether any 
antibodies specific to the new Salmonella were 
present in the patient’s serum on recovery'. Sera 


TABLE n 

EXA-VnNATTON OF SA.XfPI.ES OF BLOOD SERUXt FROM 
PATIENTS 


Case 

1 Agglutination titre to Saint, birkenhead 

0 

H(c) j H(I,6) . 

J.B. 

1:25 1 

} 

M.B. 

1:25 

1 : 320 ! 1 : 640 

A.G. 

— 

— 1:100 

S. 

1:50 

- 1:50 ■ 


All sera taken about four weeks after onset. 


obtained from four cases gave the results shown in 
Table II. It w'ill be seen that one case only', M.B,, 
gave a high litre to the infecting organism. Such 
a finding is not uncommon in cases of infection 


TABLE I 


CLINICAL DATA AND DISTRIBUTION OF PATIENTS 


Case 

Age 

(years) 

! 

Symptoms j 

Duration of 
illness 

1 

j Domidle 


mm 

46 

G.E. ; 

2 davs (fatal) 

t London, Middx 

18.7.47 


Adult 

— ' 

— 

1 Blunham, Beds. 

15.8.47 


64 

G.E. 

27 davs 

1 Birkenhead, Lancs 

2.8.47 


24 

E. 

7 days 

j Ipswich, Suffolk 

I8.S.47 

E.A. 

35 

G.E. 

15 davs-^ 

1 Blunham. Beds. 

1 1.8.47 

M.B. 

8 

G.E. ; 

7 davs 

; Soham. Cambs. 

25.8.47 

A.G. 

3 

G.E. 1 

9 days 

1 Ipswich, Suffolk 

29.8.47 

S. 

Adult 

G.E. ; 

7 days 

j Swindon, Wilts 

end of Aug. 47 

L. 

Adult 

G.E. , 

J 

7 days-r 

1 Newquay, Cornwall . . 

» 

25.8.47 


G.E. gaMToenteritis. E. enicritj*. — « pot rccA.T>trrd 


R 
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with members of the Salmonella group, in which a 
rise in antibody titre is much more variable than 
in enteric infection. 

Epidemiology 

Since all the nine cases described occurred 
during a six-week period, it was thought that some 
article of diet, such as a new type of food, might 
be responsible for this infection. Home visits were 
paid early in October, 1947, to the five persons 
in the Cambridge-Suffolk area. Inquiries were 
made into any unusual food eaten by the patients, 
into the local sources of food, into visits by 
patients to other places, and into visitors to the 
household during the three weeks before onset. 
No lead was obtained to suggest that further in- 
vestigation would determine the source of infec- 
tion. In one instance (A.G.), there was another 
case of gastro-enteritis in the household which pre- 
ceded the case described (A.G.) by thirty hours ; 
this patient — a child — was not investigated. 

Bacteriology 

On MacConkey agar the Gram-negative motile 
bacillus isolated from the faeces of the cases 
described gave typical Salmonella colonies about 
3 mm. in diameter, round, with slightly crenated 
edge and glistening surface. The biochemical 
reactions were as follows ; glucose, maltose, 
mannitol, dulcitol, sorbitol, rhamnose, xylose, and 
trehalose were fermented with the production of 
acid and gas in twenty-four hours, and arabinose 
in three days. Lactose, saccharose, salicin, adoni- 
tol, dextrin, and inositol were not fermented within 
three weeks. Gelatin was not liquefied, indole was 
not produced, and urea was not broken down. 
The Voges-Proskauer test was negative, riiethyl red 
test positive, hydrogen sulphide was produced in 
lead acetate agar, and the citrate utilization test 
was' positive. 

All nine strains gave identical serological re- 
actions in that they were agglutinated to titre by 
Salm. oranienbiirg “ O ” serum. Reciprocal 
absorption tests by a heterologous strain removed 
all the homologous agglutinins. Thus the somatic 
antigenic complex is VI, VII. Of the nine strains, 
five were agglutinated to titre by Salm. paratyphi C 
“ H " (c) serum, two to titre by Salm. anatum 
“H” (1,6) serum, and two to titre by both these 
sera. On growing the five strains in “H” (c) 
phase in sloppy agar containing antiserum Salm. 
paratyphi C “H” (c) a second phase “H” (1,6) 
was isolated. Similarly on growing the two strains 
in “H” (1,6) phase in sloppy agar containing 
Salm. new port var. piierto rico “ H ” (1,2,3) serum. 


thc’ first phase “H” (c) was isolated. Reciprocal 
absorption of Salm. paratyphi C “ H ’’ (c) scrum 
with the first phase of the new organism and a 
serum made against the new organism’ with Salm. 
paratyphi C “H ” (c) completely removed all the 
homologous agglutinins. Similarly reciprocal 
absorption tests using Salm. anatum !‘H” (1,6) 
serum and an antiserum to the new strain proved 
these two phases to be identical. The flagellar 
antigens arc therefore represented as c< — >1,6. 

Discussion 

The main interest in this new organism, Salm. 
birkenhead (VI, VII; c-^ — --1,6) lies in its close 
serological relationship to Salm. paratyphi C (VI, 
VII [Vi] ; c< — >1,5), Salm. cholcrac-.suis (VI, VII ; 
c< — >1,5) and Salm. cholerac-.sui.<! var. ktinzciulorj 
(VI, VII ; c--— >1,5). 

Salm. paratyphi C may contain the Vi antigen 
found in many strains of Salm. typhi and Salm. 
ballerup ; this antigen was absent from all nine 
strains of Salm. birkenhead, so in this respect the 
somatic complex differed from many but not all 
strains of Salm. paratyphi C. Salm. cholerac-suis 
and the kunzendorf variety both have the same 
somatic complex as Salm. birkenhead: It is well 
known that the flagellar antigen c can be obtained 
from the kunzendorf variety of Salm. cholerac- 
suis (Gard, 1937 ; Bruner and Edwards, 1939); 
therefore serologically the only constant difference 
between Salm. paratyphi C, Salm. cholerac-suis, 
Salm. cholerae-suis var. kunzendorf, and Salm. 
birkenhead is that the second phase of the first 
three is 1,5, of the last 1,6. 

The diagnostic biochemical reactions of Salm. 
paratyphi C, Salm. cholerae-suis, the kunzendorf 
variety, and Salm. birkenhead are given in Tabic 
III. From this it will be seen that the reactions 
of Salm. paratyphi C and Salm. birkenhead arc 
very similar. 


TABLE III 

COMPARISON OF DIFFERENTIAL BIOCHEMICAL 
REACTIONS 



Arabi- 

nose 

Dulci- 

tol 

Rham- 

nose 

Treha- 

lose 

H:S 

Sa/m. paratyphi 

c 

— + i 


1 

+ 

-1- 

+ 

1 

Salm. cholerac- 
suis . . 


T - 

1-2 

1 

2-3 

1 

1 ^ 

Sabn. cholerac- 
suis var. kun- \ 
zendorf 


T- 



,+ 

Salm. birkenhead 

+ 3 

+ 1 

+ 1 

+ 1 

1 

+ 


— negative. +, acid and gas in I d.iy. T negative orslighlposili'C. 
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In spite of the close relationship between the 
four organisms discussed, the clinical picture is 
very different. Salm. paratyphi C infection nor- 
mally produces, a serious illness, usually with 
continued fever. - Complications of a septic type 
are not uncommon sequelae (Tdpley and Wilson, 
1946), and two fatal cases of meningitis due to 
this organism have been described (Beattie and 
others, 1946). 

Salm. cholerae-siiis and the kunzendorf variety 
also cause serious disease. Harvey (1937) states 
that in sporadic cases in America the case-fatality 
fate in patients under 25 years of age is 19 percent, 
in patients over 25 years of age 58 per cent. In his 
review of the literature describing epidemics due 
to this, organism, he finds only five fatal cases 
among the 1,425 mentioned. Patients not un- 
commonly have sequelae such as pulmonary', bone, 
and joint infections, and endocarditis. He also 
describes four fatal cases of meningitis. In this 
country' there have been few cases of this infec- 
tion; twelve' were studied by Scott (Reports 1923 
to 1939). During this period th/re were in addi- 
tion four examples of generalized infection 
(Nabarro and others, 1929, two cases ; Boycott 
and McNee, 1936, one case; Guthrie, 1941, one 
case). In this laboratory seven strains were studied 
between 1940 and 1947 ; two of these caused fatal 
septicaemia (Schwabacher and others, 1943): of 
the remaining five, three were isolated from blood 
cultures, two from faeces : all five patients 
recovered. 

Salm. birkenhead caused clinical disease typical 
of ordinary food-poisoning, and though some cases 
were serious enough to be admitted to hospital, 
none could be described as being dangerously ill, 
e.xcept the one fatal case where death was attri- 
buted to primary cardiac disease. After a six- 


month interv'al no patient is known to have 
suffered from sequelae. From this review it seems 
probable that though Salm.~ paratyphi C, Salm. 
cholerae-suis, the kunzendorf- variety', and Salm. 
birkenhead are very' similar in their biochemical 
and serological reactions, yet the type of clinical 
disease produced in man may be very' different. 


Summary 

1. A- new Salmonella type, Salm. birkenhead, 
with the antigenic structure VI, VU ; c^ — ^1,6 has 
been described. The Vi antigen was not detected 
in any of the strains. 

2. This organism was isolated from the , faeces of 
eight cases of food-poisoning and one sy'mptomless 
carrier. 

3. The difference in antigem'c structure and clini- 
cal disease caused by Salm. birkenhead and the 
closely' related orgam'sms Salm. paratyphi C, Salm. 
cholerae-suis and Salm. cholerae-suis var. kunzen- 
dorf, are discussed. 

We wish to thank _ the many bacteriologists for 
sending cultures for identification, and Dr. A. M. 
McFarlan, who so kindly carried out the epidemio- 
logical investigation in the eastern region. 
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PENICILLIN BLOOD LEVELS AFTER INJECTION OF 
SOLID AND SEMI-FLUID OILY SUSPENSIONS 

OF PENICILLIN 

BY 

J. UNGAR 

Researdi Division, Glaxo Laboratories, Ltd., Grcenford, Middlesex 
(RECEIVED FOR PUBLICATION, MAY 14, 1948) 


The object of injecting an oily suspension 
instead of an aqueous solution of penicillin is to 
secure delayed absorption from the depot in the 
muscle and to achieve a prolongation of effective 
penicillin blood levels from a single injection. 
Many vehicles have been recommended, but so 
far a suspension of penicillin in beeswax and 
arachis oil, as used by Romansky and Rittman 
(1944), has proved the most satisfactory. In a 
previous communication (J. Ungar, 1946), I have 
shown that the degree of prolongation of penicillin 
action depends, apart from individual variations 
in the absorptive capacity of experimental animals 
or patients, to a large extent on the consistency 
of the material (which is determined by the vis- 
cosity of the oil and by the amount of beeswax) 
and on the amount of ^penicillin in the suspension. 

In a number of experiments performed since 
then we have repeatedly confirmed that the 
delayed absorption of penicillin is governed by the 
consistency of the final preparation ; see, for 
example. Table I. 

We have tried arachis oil, “ alcoholized ” arachis 
oil,* ethyl oleate, and cocoa butter and found that 
arachis oil is the most suitable medium for the 
suspension. We tried altering the concentration of 
beeswax from the original recommended by 
Romansky. We used suspensions of penicillin in 
oil containing 1, 2, 3, 4, and 6 per cent of beeswax, 
and we found that the amount of beeswax present 
in the final preparation is an essential factor in 
determining the absorption of penicillin (Tables 
I and II). Lowering the amount of beeswax to 
between 1 and 2 per cent results in a more fluid 
product with the obvious advantage of easier 
manipulation, but the blood levels after injection 
of these products are less satisfactory. 

The technique of injecting the different preparations 
was constant, and possible variations of volume and 
temperature of the injected suspensions were rigor- 
ously controlled in all experiments. 


The penicillin-oil-beeswax (P.O.B.) prepared 
according to the original method of Romansky 
has disadvantages from the point of view of 
administration, for it is solid at normal tempera- 
tures and has to be heated to about 50° C. before 
it can be injected. Anyone who has to administer 
the preparation knows how cumbersome it is to 
fill the syringe with the heated P.O.B. and in- 
ject it quickly before it solidifies. For this reason 
methods have been suggested to increase the 
fluidity of the preparation, not by decreasing the 
content of beeswax, but by one of the special 
, means used for preparation of colloids. 

Milled Penicillin and Beeswax 

A product of this kind is a suspension of peni- 
cillin in oil and beeswax made by passing the 
mixture through a special colloid mill. This milled 
preparation, containing 4.5 per cent of beeswax, 
is semi-solid at room temperature ; when heated to 
body temperature it can be easily drawn into a 
syringe and injected. Table I and the Figure 
show blood levels in rabbits injected with the solid 



Fio. — Comparison of penicillin-oil-beeswax, milled and 
usual unmilled at room temperature (142,000 units 
per ml.) (20,000 units injected in 900 g. rabbits). 


• .A mhiurc of ethyl esters of the total fatty acids of arachis oil. 
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TABLE I 

BLOOD LEVELS IN RABBITS AFTER INTRAMUSCULAR INJECTION OF 50,000 UNITS OF PENTCUXIN IN OIL-BEESWAX 

UNMILLED SUSPENSIONS 


Penicillin 

%. 

Beeswax 

Rabbit 

no. 




Hours after injection 




2 

D 

6 

8 

10 

12 

14 

16 

18 

20 

Crj'stalline sodium 

Nil 

1 

2.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



2 

2.0 

0 

0 

0 

0 

0 

0 . 

0 

0 

0. 


1 

3 

2.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



4 

2.0 

0.03 

0 

0 

0 

0 

0 

0 

0 

0 


2 

5 

2.0 

2.0 

1.0 

0.5 

0.3 

0.6 

0 

0 

0 

0 



6 

2.0 

2.0 

1.0 

0.4 

0.1 

0 

0 

0 

0 ' 

0 . 


-4 

7 

1.5 

2.0 

2.0 

1.0 

0.25 

0.06 

0.12 

0.1 

0.03 

0 



8 

2.0 

2.0 

1.0 

0.5 

03 

0.12 

0.12 


0 

0 

Amorphous calcium 

Nil 

9 




- 

- 

0 

0 

0 

0 

0 




10 

— 

— 



0 

0 

0 

0 

0 

— 


1 

11 

— 

. 




0 

0 

0 

0 

0 

. 



12 

— 


— 

— 

0 

0 

0 

0 

0 

' — 


2 

13 

. 




. 

0.03 

0.03 

0 

0 

0 

. 



14 

— 

— 

— 

— 

0.12 

0.03 

0 

0 

0 

— 


4 

15 



. 

. - . 

0.25 

0.25 

0.03 

0 

0 




16 

*— 




0.25 

0.1 

0.1 

0.06 

0 

— 


and, semi-solid preparations, both containing the 
same amount and type of penicillin and 4.5 per 
cent of beeswax. 

We see from Table HI that with this preparation 
■we sacrifice part of the prolonged activity. Instead 
of a period of from sixteen to twenty hours during 
which. penicillin is circulating in the blood after 
an injection of solid P.O.B., as reported previously 
(Ungar,. 1946), we get, after the injection of a 
milled suspension, detectable blood levels up to a 
period of twelve to fourteen hours, svhich is satis- 
factory when treatment is given twice in twentj'- 


four hours. In Table IV are given the blood levels 
of patients injected intramuscularly with I mL of 
a milled suspension of penicillin containing 
300,000 units, from which it can be seen that a 
level of up to O.I unit per ml. is maintained during 
a period up to six hours and a level of 0.06 unit 
per ml. up to eleven hours. 

Discussion 

Penicillin suspensions in oil and beeswax pre- 
pared by simple mixing of the components 
are at ordinars' temperatures solid and difficult to 


TABLE n 


blood levels in rabbits after INTRA-MUSCULAR INIECTTON of 30,000 UNITS IN 0.1 ML, OF UNT-niXED SUSPENSION 


Sample 

Penicillin 

% 

Beeswax 

Rabbit 

Hours after injection 

no. 

1 

.3 

5 


s 


24 



1 

17 

4.0 


0 


0 

^ 1 


Crystalline 


IS 

4.0 

0.06 

0 


0 





sodium 

4 

19 


I.O 

05 


0.05 

0 

0 

ipm 



20 

4.0 

I.O 

0.25 

0.03 

0.03 

0 

0 

EPC 10;56'> 


1 

21 

4.0 

05 

O.I . 

0.03 

0 ■ 

0 

0 

Amorphous 


22 

4.0 

0.12 

0.03 

0 

0 


0 

EPC io;57j 

calcium 

4 

’ 23 

4.0 

1.5 

0.75 

0.5 

0.4 

1 

0.06 i 

0 




: 24 

1 

i 

4.0 

15 

0.75 

0.25 

0.1 

0 ! 

j 

0 
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. TABLE III 

' BLOOD LEVELS IN RABBITS AFTER INTRAMUSCULAR INJECTION OF 20,000 UNITS OF PENICILLIN-OIL-BEESWAX 

(milled and unmilled) 


Sample 

Rabbit 

no. 


- 

Hours’ after injection 



• 1 

2 

4 

6 

! ^ 

12 

24 

PC 1/16 (milled) .. 

25 

0.25 

■h 

2.0 


i 0.5 

! - 0.03 

Nil 


26 

-0.5 


0.5 


1 0.25 

Nil 

Nil 


27. 

0.25 

■M 

1.0 

1 0.25 

i 0.125 

1 

Nil 

Nil 


Mean 

0.33 

1.16 

1.16 

i 0.42 

i 0.3 

1 

0.01 

Nil 

PC 2/31 (unmilled) 

28 

0.5 

0.5 

0.25 

IHQH 

0.25 

-0.125 

' Nil ' 


29 

0.125 

0.5 

0.125 


0.25 

0.5 

0.03 


30 i 

0.125 

1.0 

0.5 


0.4 

0.5 

Nil 


Mean 

0.25 

0.67 

0.3 

j 

0.57 

0.3 I 

0.375 

0.01 


administer. It is possible to achieve fluidity at body 
temperature either by reducing the amount of 
beeswax from the original 4.5 per' cent to I per 
cent or by submitting the suspension to a special 
milling process. The first alternative results in a 
marked drop in the time of circulation of penicillin 
in the blood ; the second method results in a par- 
tial reduction of the circulation time. For the 
milted preparation it is still essential to add 4.5 
per cent of beeswax to the oil suspension ; other- 
wise the period of penicillin circulation in the 
blood drops. In our experiments we have 
observed that suspensions containing crystalline 
sodium penicillin or amorphous calcium penicillin 
give similar blood levels. Further, we have so fat 
been unable to detecLany effect of particle size of 
amorphous calcium penicillin. When administered 
as P.O.B., on blood levels, and a slight improve- 
ment in one experiment with crystalline sodium 
penicillin is of doubtful significance. 

In using the milled penicillin beeswax suspen- 
sion we make a compromise — to achieve an in- 
creased fluidity of the product we sacrifice to some 
extent the prolonged period of blood levels follow- 
, ing injection of a solid penicillin suspension. The 


results of our tests confirm our earlier finding of 
an inverse relation between the. fluidity of peni- 
cillin suspensions and the time during which the 
penicillin circulates in the blood. 

One additional point should be emphasized 
when comparing the blood levels of penicillin after 
injections of solid and milled P.O.B. The solid 
suspension usually gives blood levels up to a period 
of about eighteen hours, whereas the milled P.O.B. 
maintains blood levels over a shorter period, 
though the initial levels in the first one to three 
hours are higher than after injection of the solid 
P.O.B. This initial higher blood level (Table III 
and Figure) compensates for the reduced peni- 
cillin circulation in the> blood and makes the milled 
suspension second only in value to ' agiieous 
solutions when higher bactericidal blood levels arc 
required — blood levels essential to suppress micro- 
organisms less susceptible to penicillin, such as 
occasionally occur in cases of septicaemia or 
chronic localized infections. 

Summary 

1 . The effect of penicillin in oil-beeswax suspen- 
sion depends on the consistency of the material 


TABLE IV 


BLOOD LEVELS IN PATIENTS INJECTED WITH 1 ML. OF MILLED PENICILLIN SUSPENSION 300,000 UNITS PER ML. 


Patient ! 

1 

j Hours after injection 

1 

2 1 3 1 

4 

5 

6 

11 

15 

16 

18 

20 

1 

2 

3 

0.25 1 
2 

2 

0.25 
[ 1 

1 2 

1 

0.25 

1 

1 

0,125 

0.5 

1 

0.125 

0.5 

1.5 * 

O.I 

'^2 

0.06 

0.06 

0.06 

^Not te: 


0.03 

Nil 
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and the amount of penicillin present. Amorphous 
calcium penicillin and crystalline sodium penicillin 
give equally effective products. 

2. The amount of beeswax is one of the essential 
factors in delaying the absorption of penicillin. 

3. The “milled” penicillin beeswax suspension, 
is characterized by its ease of^ administration and 
gives blood levels midway between those following 
injections of the solid peniciilin-oil-beeswax or 
of aqueous solutions of penicillin. 
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Addendum 

At the time of reading the proof of this communica- 
tion, which had been reported at the January', 1948, 
meeting of the Association of Clinical Pathologists, 

I came across a paper by Dowling and others on 
“ liquid ” versus “ solid ” penicillin in oil and wax 
(J. Amer.hned. Ass., 135, 567), This report gave the 
results of treatment of patients with fluid beeswax 
suspension. Their investigation seems to indicate 
that fluid suspensions may have sirhilar absorbtion-' 
delaying effect as solid suspensions if the former 
are prepared from penicillin particles of 50 p size or 
larger. 
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EMBOLISM AFTER PENICILLIN-OIL-BEESWAX 

BY 

A. W. FRANKLAND 

Wrighl-Fleniing Institute of Microbiology , St. Mary's Hospital. London 
(received for publication, may 19, 1948) 


The occurrence of fat embolism after injury 
to bone has been described and the literature 
adequately reviewed by Robb-Smith (1941) and by 
Rowlands and Wakeley (1941). Similar findings 
occur after the accidental intravenous introduction 
of oily substances. Grossmann (1946) described the 
x-ray appearances of two cases of pulmonary oil 
embolism following salpingography. The first 
patient had no symptoms for two days ; the second 
patient began to cough very soon after the injec- 
tion of the oil. The .r--ray films in the latter patient 
were taken within five minutes, when it was seen 
that the main filling of the pulmonary arterial tree 
occurred in the lower lobes. Many observers have 
stressed the delayed appearance of symptoms 
which occur after fat embolism. Harris and 
others (1939) suggested that this is due to hydro- 
lysis of fat particles with the release of free fatty 
acids. Animal experiments that were carried out 
suggested that severe reactions may occur after an 
oil-beeswax mixture, not only because the mixture 
blocks large branches of the pulmonary artery, 
but also because of the severe inflammatory re- 
action elicited by beeswax. 

When a patient dies- the recognition of a fat 
or oil embolism is not easy, because special 
methods have to be used to show the presence of 
these substances in the sections. In patients who 
recover the clinical picture is not clearly defined 
or easily recognized because the diagnosis has not 
been considered, especially where the symptoms 
are delayed. The development of pulmonary and 
cerebral signs and symptoms with petechial hae- 
morrhages in the skin should all be looked for. 
Fat globules in the sputum and/or urine confirm 
the diagnosis. In many cases no abnormal signs 
arc present and the symptoms are minimal. 

I can find only one previous published account 
of oil embolism following penicillin in oil-wax 
therapy. Bondy and others (1947) describe a 
patient who had a severe reaction which showed 


maximal radiological changes on the second and 
third day after injection. The immediate effects 
were slight, consisting only of a penicillin-likc 
taste in the mouth and a few coughs. 

Two cases that occurred over two years ago had 
symptoms corresponding to a third described 
below, in that these symptoms were immediate and 
minimal, consisting of a tight feeling in the chest 
and a cough immediately after receiving an injec- 
tion of penicillin in oil-wax. 

Case Report 

A married woman, aged 30, had been admitted for 
streptomycin therapy for persisting ulcerative colitis. 
While in the \yard she had complained of chronic 
bronchitis, and by the time she had finished the 
streptomycin therapy there was no doubt that she 
had developed true asthmatic attacks. While await- 
ing discharge from hospital she was given an injec- 
tion of 600,000 units in 2 ml. of calcium penicillin. 
The penicillin was suspended in peanut oil with 4.8 
per cent (w/v) beeswax B.P. The injection was given 
by a nurse who, on being questioned, could not be 
certain that the usual precautions of making sore that 
the needle was not in a vein had been carried out. 
Immediately after the injection the patient began to 
cough, said she felt sick, asked, for a bed-pan, and 
then said she was going to faint. She was pot back 
to bed and when seen five minutes later she said she 
was feeling quite well. She was surprised the injec- 
tion had made her feel faint, as previously- she had 
had many injections of either penicillin or strepto- 
mycin without ill effect. When she was examined 
there were no abnormal physical signs, other than 
those due to generalized bronchitis which had_ been 
noted previously. The bronchitis was productive of 
a little sputum, about 20 ml. of which was collected 
during the following day; this amount represented the 
expectoration from the time of waking until before 
the midday meal. Unfortunately no precautions were 
taken to make sure that this was not contaminated 
with any oil or fat from a food source. A further 
specimen of sputum was collected three days later and 
a control specimen of sputum taken from another 
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chronic bronchitic patient. Sudan III was used as an 
oil stain. Only in the' specimen collected the first day 
after the penicillin injection and only in certain parts 
of the field could many oil globules be seen ; all these 
were extracellular, and most of them were very 
minute— about 5 in diameter — though a few of the 
large ones were .50 in size. Examination of a slide 
with the stained sputum on it, and a control of the 
unstained and also stained penicillin in oil-wax, 
showed that in no case was there rotation of the 
plane- of polarized light. It is therefore suggested 
that the oil in the sputum had as its source the peni- 
cillin oil-wa.x injection given into the buttock. 


Summary 

A case is described in which a mild immediate 
reaction occurred after an injection of penicillin 
in oil-wax. It would appear that this was due to 
oil embolism. 
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TECHNICAL METHODS 


ANOTHER WAY OF APPLYING IMMERSION OIL 

By 

J. STEVEN FAULDS 

Cumberland Infirmary, Carlisle 

(RECEIVED FOR PUBLICATION, MARCH 19, 1948) 


In a recent short paper published by Pijper 
(1947) an improved method of applying immersion 
oil to slides is described. It seems odd that labora- 
tories should still employ the archaic method of 
applying the oil from a bottle by a rod, when not 
even a garage would dream of employing this 
method. I have tried rnany shapes of bottles and 
types of rods — made from glass, cane, or spring 
steel — and all of them were equally messy, waste- 
ful, irritating, and inefficient ; if the bottle is too 
full a drop falls on the bench before the micro- 
scope is reached, and if the bottle is nearly empty 
insufficient oil adheres to the rod and two or three 
applications are necessary before the correct 
amount is obtained, and usually air bubbles are 
included. After reading Pijper’s article I wondered 
if anyone had ever tried an oil-can. 

The ideal oil-can for immersion oil must be flat- 
bottomed so as to stand upright on the bench, and 
must have a long, tapering stem and a narrow open- 
ing — all features being present in the original Singer 
oil-can.'^ An alternative oil-can called the Alton Valve 
Spout is nearly as good and is obtainable at any 
wholesale motor supplies distributors at a cos't of 

* Shonly .ivailabic again Troni the Singer Sewing Machine Co., of 
Singer, Clydebank, Dumbarton.'^hirc, or agents, for 5d. 


2s. 6d. ; this has an additional advantage of a screw 
valve on the stem which can be closed by half a 
turn, and is useful when the oil-can is being carried in 
a microscope case, as it does not leak when lying on 



its side ; a valve is unnecessary, however, when the 
oil-can is standing on the bench. The amount of oil 
being applied is kept completely under control by 
pressing the bottom, and if this is done carefully there 
is no excess to run down the side of the stem and so 
soil the microscopist’s fingers, the microscope, and 
the bench, wasting the immersion oil. 

Reference 
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AN EMERGENCY BOTTLE FOR DRIED PLASMA 

BY 

WALTER KOCH 

Department of Hygiene. Hebrew ’University, Jerusalem 
(received for publication, april 24, 1948) 


Dried ' plasma is usually kept in evacuated, 
rubber-stoppered bottles. Reconstitution calls for 
a series of additional gadgets as the water has to 
be transferred from its bottle to the plasma bottle, 
and two rubber tubings have to be inserted in order 
to give access to the air and to carry the dissolved 
plasma. Furthermore, if the vacuum in the 
plasma bottle has decayed, the water has to be 
pumped over with a blowing ball. All these mani- 
pulations are not always easily performed in the 
field. 

An attempt has therefore been made to design 
an emergency bottle for quickly reconstituting 
dried plasma. The underlying principle is that of 
the fire-extinguisher in which the contents are 
mixed after an ampoule has been crushed. 

The Emergency Bottle 

The emergency bottle (see Figure) consists of a 
cylindrically shaped outer vessel (1) whose lower end 



forms an olive (2), drawn out to a point and 
sealed (3). The wide upper mouth of this vessel 
forms a brim which engages a bellow-shaped rubber- 
connexion (4). On the bottom of the vessel rests a 
cone of stainless steel (5) with reinforced, tip. This 
cone is a sieve with holes of about 14 mm. diameter 
resembling an inverted filter-cone. Its rim is flat- 
tened and is kept towards the bottom of the outer 
vessel (!) by four protrusions of the glass (6). The 
inner vessel (7) is a big ampoule with a stout neck 
which passes the rubber-connexion (4). The bottom 
(8) of the ampoule is drawn in and thinned. The neck 
of the ampoule is dilated near its top after the rubber- 
connexion (4) has been pushed over. This bellow- 
shaped rubber-connexion is cheaply available as 
rubber push-on connector for gas or water tubing ; 
for larger bottles small rubber showers that may be 
attached directly to taps are a satisfactory alternative 
if the perforated plate is removed. A short piece of 
' thick .(pressure) rubber tubing (9). pushed over the 
olive, protects the drawn-out tip (3). and leads to a 
glass bulb (10). This bulb (10) is stuffed with 28- to 
32-gauge bandage and acts as a filter. The free end 
of the bulb is connected to a needle protected against 
contamination (not shonn in the drawing). A sinfered 
glass pipeline filter would probably be belter than 
gauze bandage, but this could not be tried* ; when 
assembling the apparatus, distilled water is filled into 
the outer vessel (1) and all parts are sterilized in the 
autoclave. The connector (4) is then secured to both 
vessels by circular wires (II). The distance between 
the bottom of the ampoule (8) and the steel cone (5) 
is determined by the flexibility of the rubber piece (4) 
so that accidental movements of the ampoule should 
not engage the steel cone. The ampoule (7) is dried 
by connecting to a pump, and dried plasma is then 
filled into ihe ampoule. The bulb in the neck of the 
ampoule is plugged with sterile cotton wool, evacu- 
ated. and sealed at (12) (dotted line). 

When needed, the inner sessel (7) is pushed into the 
outer (1), in the direction indicated by the arrow. As 
soon as the bottom of the ampoule (S) is cru«hcd, 
water is drawn in and mixes v-'nh the dry plasma. 
Shaking aids dissolution of the plasma. Then the tip 
of the ampoule (12) is opened to give access to the 
air. and flow of the plasma is staned by bending the 
rubber tubing (9) whereb) the tip (3) is being broken. 
The vessels can be re-used. 


• Tizxrd and Lor*;?--;. rrrc-r„'r'rrxf KJ-^I H.3 

t*r K II 4 f.I'cr tube -ai a tl'ct. 
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ESTIMATION OF STREPTOMYCIN AND PENICILLIN IN ’ BLOOD 

BY 

W. A. GILLESPIE AND V. G. ALDER 
From the Bristol Royal Hospital (Infirmary Branch) 


(nUCUIVCD FOR PUBLICATION, . AI'RIL 14, 1948) 


' The method here dcseribed, which we have been 
using for some- time in routine work, is a modifi- 
cation of the micro-method of May and others 
(1947), in which dilutions of the patient’s serum 
are added to phenol-red-serum water on waxed 
slides, and incubated in capillary tubes. 

The dilutions of patient’s serum and their addi- 
tion to the medium are performed on a waxed 
glass plate which is incubated directly, without 
filling the mixtures into capillary tubes and fixing 
to plasticine-covered slides. In this way the 
amount of manipulation is reduced and an appre- 
ciable saving of time is achieved, especially -when 
several sera are being titrated at the same time. 
Moreover the colour change at the end point is' 
even more obvious than in capillaries and there is 
no danger of upsetting the tests, by rough handling.. 

Details of Method 

The medium used is 1 per cent glucose in a mix- 
ture of serum 1 part, distilled water 4 parts, steri- 
lized by steaming (May and others, 1947). We find 
it best to make up batches of this medium without 
indieator. A saturated solution of phenol red in dis- 
tilled water is put up separately in small amounts, 
each sufficient for one batch of medium, and similarly 
sterilized. At the time of the test the indicator is 
added in the proportion of about 0.05 ml. to 1 ml. 
serum water. We have found that if the indicator is 
added to the medium some days before -use, fading 
occurs and the colour changes after incubation are 
not so distinct. The medium is inoculated as in the 
original method (0.01 ml. of 24-hour broth culture of 
the test organism to 1 ml. medium). 

The capillary pipettes used to measure unit volumes 
have tapered, slightly angled free ends ; as in the 
original method, they are graduated to contain 
0.025 ml. 

For making and incubating the dilutions, waxed 
rectangular slabs of glass, in which are drilled a series 
of depressions, are used. The slabs are cut from 
plate glass, about 7 mm. thick, and measure approxi- 


mately 7.5 X 4.5 cm. In one surface of each slab arc 
drilled ten circular depression.'! 8 mm. in diameter 
and about 2 mm. deep at the centre. Each plate is 
placed in a .ITin. Petri dish and sterilized in hot air. 
When cool it is grasped with sterile forceps and 
quickly dipped in melted sterile paraffin wax at about 
60° C., briefly drained, and replaced in its dish. 

Serial dilutions of the patient’s scrum and of a suit- 
able standard solution of antibiotic in normal scrum 
arc made- in equal volumes of sterile 'saline in the 
dcprc.ssions (with the last as a control). To each 
is- added an equal volume of inoculated medium. 
A quantity of water or of moistened filter paper is 
placed in the Petri dish, which is incubated, lid up- 
wards, at 37° C. During incubation the dish should 
rest on wood or other heat-insulating material to avoid 
'moisture condensation on the lid. 

For streptomycin estimations we use klebsiella 41 
as test organism and inactivate the patient’s scrum. 
For penicillin, the Oxford staphylococcus is used. As 
in the original method, it is advisable to aim at having 
the end point within the first five or six dilutions in 
order to minimize the cumulative error of the wash. 

After incubation, the last dilution- showing com- 
plete inhibition is taken ns the end point. The 
strength of antibiotic is calculated by comparison 
with the standard. The drops of fluid retain their 
convex surfaces in the waxed depressions, thus render- 
ing colour differences more striking ; there is no ten- 
dency for them to overflow, even with quite rough 
handling (Plate IX). 

Numerous titrations have been done in parallel 
with the capillary tube method, without significant 
differences in results. 

Recently we have found (Goslings, 1947) an 
account of an essentially similar method for peni- 
cillin, using haemolytic streptococcus, with blood 
as the indicator. 

References 

Goslings, W. ,R. O. (1947). /Verf. Tijdschr. Genecsk., St, 
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II Principio Antiancmico-Pcmicioso. By G. Aslaldi Major Endocrine Disorders. By S. Leonard Simp- 
and M. Baldini. Pavia: II Farmaco, Monograph, son, Geoffrey Cumberlegc, Oxford University Press. 
January, 1948. Pp. 234, figs. 54. Price 1,200 lire. Second edition, 1948. Pp. 552+xxii. Price 42s. 


This monograph on the pernicious anaemia factor 
by two members of Ferrata’s school of haematology 
appears at a moment when the discovery of folic acid 
and the production of new and powerful liver concen- 
trates have created fresh interest in and raised new 
questions about the origin and treatment of the macro- 
cytic anaemias. The authors have set out to give an 
interim review of this rapidly changing subject, and 
have produced a clear and up-to-date summary of its 
theoretical and practical aspects. 

The book is divided into two parts ; the first deals 
with the nature of the liver principle and of the 
extrinsic and intrinsic factors, the properties of the 
various commercial and experimental liver extracts, 
desiccated stomach preparations, and the pteroyl- 
glutamic acid group. In a very full review of the 
older preparations covering both the English and 
continental literature, the only important omission 
is that of crude “ proteolysed ” liver. Recent work on 
folic acid, its conjugates, and thyamine is adequately 
described. The second part covers the methods of 
assaying the activity of therapeutic preparations both 
from the theoretical and practical aspects, and includes 
much of the author’s original work. After a critical 
account of the common therapeutic tests, based on 
the reticulocyte and erythrocyte responses, they pre- 
sent a review of many other suggested methods of 
assay, all of which they reject as either non-specific 
or as yet insufficiently controlled. There are in fact 
no rapid or large-scale assay methods, and this ex- 
plains most of the difficulties in research on new 
preparations. The author’s own solution of the 
problem is based on studies of bone marrow both 
i/I vivo and i/i vitro and consists in a statistical analysis 
of the diminution in size, under treatment, of the red 
blood cell precursors ; but, as it involves multiple mar- 
row punctures and a laborious technique, it is doubt- 
ful if this attractive suggestion will be widely adopted 
in practice. 

Defects in an otherwise excellent book are the care- 
Ie.ss quotation of references and the absence of an 
index. In spite of these, it can be recommended to 
anyone in search of a full and balanced account of 
present-day knowledge of the nature and application 
of the substances used in the treatment of pernicious 


anaemia. 


F. W. Gunz. 


The new edition of this book gives a good picture 
of the recent development of endocrinology. This 
speciality is growing fast, and it will be increasingly 
difficult for the general physician to keep abreast of 
its progress. The way the book is written will help 
him in this task. Each endocrine organ is treated 
separately ; after a short review of its physiology the 
clinical disorders connected with its dysfunction arc 
dealt with. These arc often accompanied by typical 
case histories and by excellent photographs. The 
pituitary gland and the gonads are given more space 
than the other endocrine organs ; in the latter some 
disorders are treated which cannot be strictly termed 
major disorders, but this is probably unavoidable. 
The chapter on the pancreas and diabetes mellitus is 
comparatively short. Biochemical methods used in 
the diagnosis of the disorders described are not given, 
and the biochemical data are sometimes scanty, but 
this is compensated by the introduction of ample 
references. On the whole, the author has success- 
fully avoided cramming his book with too much de- 
tail ; it will be a welcome help to the student and to 
the clinician. ,, 

H. Herxheimer. 


Nufrifion and Hormones. By L. T. Samuels. American 
Lecture Series No. 11. Blackwell Scientific Publications, 
Oxford. 1948. Pp. 48. Price 8s. 6d. 

This is a series of short essays on the mutual inter- 
action of hormones and nutritional factors. It aims at 
correlating the gross metabolic changes in endocrine 
diseases on the one hand with the effect of various types 
of malnutrition on the endocrine glands on the other. 
Since these materials make up the greater part of modern 
endocrinology the result is a rather brief account of the 
relationships of the various hormones which is perhaps 
too incomplete to be of value to the average pathologist 
or clinician. For example, the effect of iodine deficiency 
on the thyroid gland is dismissed in six lines and that of 
thiouracil in four. The book is attractively bound and 
the well chosen bibliography of 108 recent references is 
a valuable introduction to the literature. 

N. F. Maclagan. 
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JAMES McIntosh 


On April 5 this year Pathology suffered a great 
loss in the death of James McIntosh, Professor of 
Pathology in the University of London and Director 
of the Bland-Sutton Institute of Pathology at the 
Middlesex Hospital since 1920. He was a man of 
vide interests, with an international reputation as an 
authority in several spheres of pathological research. 

He was educated at Robert Gordon's College and 
at the University of Aberdeen, where he qualified in 
1905 and was awarded the M.D. with highest honours 
in 1908. After spending two years with Levaditi at 
the Pasteur Institute during his tenure of the Alexander 
Anderson Scholarship, he returned to Aberdeen in 
1908 as Carnegie Research Scholar. In 1910 he be- 
came a Grocers Research Scholar at the London 
Hospital, where he worked in association with William 
Bulloch, Paul Fildes, and H. M. Turnbull until 1920 
when, at the age of 37, he was appointed Professor of 
Pathology and Director of the Bland-Sutton Institute. 

His first outstanding contribution to medical science 
Was his pioneer work with Fildes on the perfection of 
the Wassermann reaction and the application of 
Ehrlich's new remedy, salvarsan, in the treatment of 
syphilis. Tbis investigation was a natural sequel to 
his researches with Levaditi at the Pasteur Institute 
on Treponema pallidum and other spirochaetes. It 
Was there, also in collaboration with Levaditi, that 
he performed some of the earliest experiments on the 
development of resistance to arsenical drugs in micro- 
organisms. He was always interested in the problem 
of drug resistance, and he returned to it almost forty 
years later to make fundamental contributions to our 
knowledge of the development of resistance in bacteria 
lo the sulphonamides, penicillin, and the acridines. 
His exceptional grasp of the fundamentals of chemo- 
therapy was again shown in the views he expressed 
with Whitby in 1939 on the mechanism of sulphon- 
amide action, which were later confirmed and brought 
to fruition by the discovery of the role of p-amino- 
benzoic acid by Fildes and Woods, who were then 
housed in his Institute. He also played an important 
part in the clinical application of the new antibacterial 
drugs, particularly with respect to the bacteriological 
control and methods of administration — as will be re- 
called by members of the Association of Clinical 
Pathologists who heard his address on subacute 
bacterial endocarditis at the winter meeting two years 
ago. 



JAMES MeINTOSH 


An achievement which alone would have established 
his reputation in medical research was his classifica- 
tion of the anaerobic bacteria associated with war 
wounds. He took up this subject during the 1914-18 
war, and it is not too much to say that his work made 
order out of the chaos then existing because of the 
inadequacy of the methods in current use for the 
isolation of these organisms. In this difficult subject 
he displayed great technical dexterity in the new 
methods he introduced and. with Fildes. he csolved 
the anaerobic jar that bears their names and is the 


252 


OBITUARY 


indispensable apparatus for the critical study of 
anaerobes. His report to the Medical Research 
Council on anaerobic infections is a classic used by 
all workers in the most exacting discipline in all 
bacteriology. His services in this field were again 
called upon in the 1939-45 war, when he was 
appointed a member of the War Wounds Committee 
of the Medical Research Council, who profited not 
only from his wide experience but also from the 
investigations he conducted on many urgent prob- 
lems. Indeed one would not hesitate to say that the 
high standard of the work done on anaerobic infec- 
tions during the last war was largely due to his life- 
long interest in the anaerobic bacteria and to the 
inspiration he gave to many other workers. 

Another sphere in which' McIntosh gained distinc- 
tion was the experimental study of virus diseases. He 
was first actively involved in this field at the London 
Hospital where, with H. M. Turnbull, he commenced 
a study of encephalomyelitis following vaccination, 
which he continued at the Bland-Sutton Institute. In 
the report on this subject to the Ministry of Health 
in 1925 McIntosh found himself so much at variance 
with his colleagues that he submitted a minority re- 
port expressing his conviction that vaccinia virus 
could not be excluded as a cause of post-vaccinial 
encephalomyelitis. It was not until many years later 
that his views on the generalization of vaccinia virus 
and the causation of post-vaccinial encephalitis be- 
came widely accepted. In later years he applied his 
experience in handling viruses to the experimental 
study of cancer. He made the important observation 
that tumours induced by tar in fowls could be trans- 
mitted by cell-free filtrates. Although other workers 
have brought forward indirect evidence in support 
of his findings, none has succeeded in repeating his 
demonstration of a virus agent in these induced 
tumours. He was firmly of the opinion that viruses 
played the dominant part in the aetiology of tumours, 
and, with the further inroads that are being made by 
virologists into the tumour problem, his work is now 
gaining increasing respect. In his handling of viruses 
his mechanical genius came to the fore — as it had 
done before in the design of the anaerobic jar — as 
exemplified by his adaptation of the spinning-top 
ultracentrifugc for the sedimentation of viruses and 
his modification of the Sharpies centrifuge for the 
continuous centrifugalization of large quantities of 
virus suspensions. 

McIntosh will also be remembered for the smooth- 
running organization he built in the Bland-Sutton 
Institute, which he administered from 1920. Here, 


besides carrying on his many scientific investigations, 
he was re.sponsiblc for undergraduate teaching in 
pathology and also for the pathological services to 
the Middlesex Hospital. His outside activities in the 
service of pathology were many. He was a member 
of the Pathological Society of Great Britain and 
Ireland, for which he acted as treasurer for many 
years, a senior member of the Medical Research Club, 
a past-president and representative to the Library 
Committee of the Pathological Section of the Royal 
Society of Medicine, and an honorary member of the 
Association of Clinical Pathologists. He also took a 
deep interest in the welfare of his laboratory techni- 
cians and did great service for many years in the 
Pathological and Bacteriological Laboratory Assist- 
ants Association, now the Institute of Medical Labora- 
tory Technology. He was also an examiner to the 
Universities of London, Cambridge, and Manchester, 
and for the Conjoint Board. 

In the 1939-45 war he was pathologist to Sector V 
of the Emergency Medical Service and directed two 
laboratories in the Aylesbury district in addition to 
the Bland-Sutton Institute. As Chairman of the 
London Sector Pathologists Committee he also played 
his part in co-ordinating the pathological services of 
the London area. In addition to his work in the 
Sector and for the Medical Research Council, he also 
conducted an investigation of cases of encephalo- 
myelitis on behalf of the Ministry of Health. 

McIntosh was a bachelor of a rather retiring dis- 
position, and to strangers and even to many acquain- 
tances he was sometimes difiicult to understand. His 
shyness and habit of self-effacement frequently gave 
the impression that he was somewhat brusque and 
disinterested. Those who knew him well, however, 
were aware that it cost him a great effort to show his 
displeasure and that when he did so some fundamental 
principle was involved. Misunderstanding also some- 
times arose from his way of expressing himself, which 
led to apparent contradictions, largely because of his 
habit of letting his thought outstrip his speech. Even 
so, one was frequently startled by the rapidity with 
which he got to the core of a complicated subject and 
summed it up in a few words by a process which 


defied analysis. 

He had many interests outside his profession, such 
as his series of high-powered cars, his golf, and his 
garden. He was a genial host and helped many m 
their private worries. There are many who will miss 
McIntosh, not only as an inspiring chief but also as 
a loyal friend. 

F. R. Selbie. 


We regret to record the death of Dr. Gordon Wilkinson Goodhart; an obituary notice will appear in the 
next issue. 
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T/u's section of the Journal is published in collaboration with the two abstracting journals, 
Abstracts of World Medicine, and Abstracts of World Surgery, Obstetrics and Gynaecology, published 
by the British Medical Association. In this Journal some of the more important articles on subjects 
of interest to clinical pathologists are selected for abstract, and these are classified into four sections : 
bacteriology : biochemistry ; haematology ; and morbid anatomy gnd histology. 


BACTERIOLOGY 

Improyement of the Diagnosis of Tuberculosis by Guinea- 
pig Inoculation. (Amelioration du bacterio-diagnostic 
de la TBC par Tinoculation au cobaye.) Badoux, V. 
(1947). Schweiz. Z. Path. Bakt., 10. 470. 

A review is made of technical details of guinea-pig 
inoculation in the diagnosis of tuberculosis, and a plea 
is entered for always basing a report on results in 2 
guinea-pigs. The material should be kept, and used to 
inoculate additional guinea-pigs should the originally 
inoculated animals die prematurely. The author claims 
an increase of 4.76% positive results since he has used 
2 animals for every test. R. Saint, 

Detection of Mycobacterium tuberculosis by Means 
of Fluorescence Microscopy. Briggs, G. O. A'., and 
Jenmson, M. H. (1947). Tubercle, Land., 28, 189. 
The authors tested the value of the fluorescence 
method as used in a sanatorium of 210 beds admitting 
all types of pulmonary tuberculosis. A series of sputum 
smwrs was stained by the auramine-phenol technique 
(Brit. J, Tiiberc., 1946, 111, 98). After examination these 
films were then re-stained by a Ziehl-Neelsen technique 
described by Jennison (Bull. Inst. Med. Lab. Techn., 1946, 
6, 87). Of 500 smears thus e.xamined 44.4 % were positive 
with the fluorescence technique and 45,8 % by the modified 
Ziehl-Neelsen method. Thus the modified Ziehl-Neelsen 
method yielded 1.4% more positive results with an 
expenditure of 6 seconds less time per smear, or an 
overall saving of 50 minutes. 

Detection of Latent Genital Tuberculosis bj' Culture of 
Menstrual Discharge. Halbrecht, I. (1947). Lancet, 
2. 947. 

Endometrial biopsies have shown that latent genital 
tuberculosis is commoner than hitherto suspe«ed, 
occurring in at least 5% of cases of primaiy sterility. 
Endometrial biopsy, however, can give a positive result 
only when tuberculosis has reached that particular 
portion of the endometrium removed for scrutiny. The 
author undertook culture of menstrual blood obtained 
with a vaginal speculum from the fornix and the os on 
the first or second day of the menses, and repeated his 
examination at least thrice in each patient. Of 140 tests 
tn SO women with primary sterility, including 10 with 
proved endometrial tuberculosis and 2 others clinically 
s^pcctcd of genital tuberculosis, culture was positisx: 
nine times in 6 women. The author suggests that this 
is the only safe method of establishing the diagnosis 
where genital tuberculosis is clinically suspected. 

T 


Culture of menstrual blood was positive in only 2 of 
the 10 proved cases of endometrial tuberculosis. 

J. A. Chalmers. 

Alcohol as a Disinfectant Against the Tubercle BacMus. 
Smuh, C. R. (1947). Publ. HIth Rep., Wash., 62, 1285. 
The author reviews previous work on the efficiency of 
aldohol as a disinfectant, particularly against the tubercle 
bacillus. Water is essential to the disinfectant action of 
ethyl alcohol; the optimum strength appears to be 
50 to 70%. The germicidal eSectiveness of aUphatic 
alcohols increases with molecular weight as far as the 
amyl derivatives, and then decreases through octyl to 
undecyl alcohol. Normal propyl alcohol is the most 
effective. 

Experimental data are given, and it is concluded that 
both ethyl and iropropyl alcohols are useful and practi- 
cable disinfectants against the tubercle bacillus and that 
they are specially suitable for skin disinfection. They 
are also suitable for thermometers and for surfaces, 
dishes, and handicraft articles which might be damaged 
by other methods of disinfection. Some plastics, painted 
and varnished surfaces, and some fabrics and dyes, may 
be damaged by alcohol, and in thoracoscopes and 
cystoscopes the lens systems may be held in position fay 
alcohol-soluble cements and so may be liable to harm. 

R. J. Luntsden. 

Relative Numbers of Resistant Tubercle Bacilli in Sputa 
of Patients before and during Treatment with Strepto- 
mycin. PSTE, M. M. (1947). Proc. Mayo ain., 22, 
465. 

In 7 out of 8 cases of pulmonary tuberculosis a few 
moderately resistant organisms were present in cultures 
from sputum before the start of chemotherapy. During 
treatment with streptomycin the proportion of resistant 
bacilli in cultures recovered from sputa at weekly intervals 
increased, the degree of their resistance inerMsed, and 
the predominantly sensitive reactions of the isolated 
strains, as judged by the ordinary methods of testing 
sensitivity, were replaced by predominantlv resistant 
reactions. P. D'Arcy Hart. 

Estimation of Streptomycin in the Blood and Cerebro- 
spinal Fluid. (Titragc de la strcptomycinc dans Ic sang 
ct Ic liquidc cephalo-rachidien.) Chaebert. Y. and 
SUREAU, B. ( 1947). Ann. Inst. Pasteur, 73, 1 142.’ 

The test organism used is the Oxford strain oiStapkvlo- 
coccus aureus grown in glucose broth with phe’nol- 
sulphonphthalein at pH S.4 as indicator. The o.-ganism 
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is inhibited in this medium by 0.44 unit of streptomycin 
per ml. A series of control tubes containing various 
dilutions of streptomycin is read against dilutions of the 
fluid, serum, plasma, or cerebrospinal fluid in the medium, 
the presence of growth being shown by change in the 
indicator. The tubes showing complete inhibition and 
just failing to show inhibition are noted. The method is 
sensitive to 0.44 unit per ml., and can be applied to urine 
provided the urine is sterilized by passage through a 
Seitz filter. - G. M. Findlay. 

Further Observations on the Occurrence of Streptococci 
of Groups other than A in Human Infection. Foley, 
G. E. (1947). New Engl. J. Med., 237, 809. 

The grouping of strains of streptococci isolated from 
sources other than the upper respiratory tract was studied. 
Out of 118 cases investigated, 95 showed organisms of 
strains other than group A: 77 belonged to groups B, 
C and G, D, E, F, and K. The streptococci most 
frequently encountered in the study were those of group 
D, and these were usually associated with endocarditis, 
urinary tract infections, and intra-abdominal abscesses. 
Streptococci belonging to groups B, C and G, E, F, and 
K were met with in adult and childhood infections. The 
author believes that the incidence of streptococci of 
groups other than A cannot be properly ascertained if 
only colonies giving a beta reaction on blood agar arc 
studied. J. Smith. 

Staphylococcal Infection Due to Penicillin-resistant 
Strains. Barber, M. (1947). Brit. ined. J., 2, 863. 

In a series of examinations undertaken during April- 
November, 1946, 99 patients yielded 14 strains of Staph, 
pyogenes from infected lesions resistant to penicillin; 
during February-June, 1947, 38 out of 100 patients 
yielded resistant strains. It would appear that 10 from 
the last group also harboured sensitive strains at the 
beginning of treatment. The sensitive strains were 
found to belong to serological and bacteriophage types 
diflerent from those of the resistant strains. 

The author brings forward evidence to show that the 
penicillin-insensitivity is not due to resistance built up 
in the tissues after administration of penicillin, but that 
the strains are originally resistant to the action of 
penicillin. They are penicillinase producers and flourish 
in a lesion only after the sensitive strain has been over- 
come by penicillin. 

In determining the penicillin-sensitivity of these 
penicillinase-producing organisms the size of the ino- 
culum was found to be important. The ditch-plate 
method was particularly valuable, for unless the size of 
the inoculum was carefully controlled some of the other 
methods for the determination of sensitivity might yield 
misleading results with penicillinase-producing bacteria. 

H. J. Bensted. 

Treatment of Diphtheria Carriers with Penicillin. (La 
profilassi penicillinica nci portatori di bacilli difterici.) 
Torricelli, C., and Montagna, A. (1947). Lattante, 
18, 474. 

A series of 414 children, mostly infants, was examined 
for diphtheria organisms. Of the 22 strains recovered, 

1 was a toxic Corynebacterinrn diphtheriae, 12 were 
non-toxic C diphtheriae, and 9 were “pseudo-diphtheria” 
bacilli. The gravis organism was isolated from a child 
who had a sero-sanguineous nasal discharge and was 
probably suffering from diphtheritic rhinitis. The other 
organisms came from the nasopharynx of healthy carriers 
and from pus in 3 cases of chronic purulent otitis media. 


All 22 children were treated by the nasal or aural instilla- 
tion of penicillin solution, 1,000 units per ml., 4 to 6 
times a day for about 10 days, and the organisms 
disappeared. E. G. Sita-Linnsdcn. 

The Suppressive and Schizonticidal Value of Paludrinc 
(100 mg.) in Vivax Malaria. Woodrufe, A. \V. 
(1947). Trans. R. Soc. trap. Med. Hyg., 41, 263. 
Fifteen patients suficring from benign tertian malaria 
were treated with a single 100-mg. tablet of “paludrinc.” 
The results compared unfavourably with those obtained 
in a similar scries treated by quinine for 3 days followed 
by mep.acrinc. It is suggested that this dose of paludrinc 
is sub-optimal in an acute attack. Twenty patients, 
after an acute attack of benign tertian malaria treated 
by paludrinc, were given 100 mg. paludrinc weekly for 
6 months. No toxic manifestations were noted. During 
the period of paludrinc administration one short-term 
relapse and three possible clinical attacks occurred. 
During the 6 months following the period of paludrinc 
administration there was 1 proyed long-temi and 1 
possible clinical relapse. Thus, in the dosage used, it 
seems that paludrinc does not invariably prevent long- 
term relapses. J. L. Markson. 

Contribution to the Serological Diagnosis of Amoebiasis. 
(Contributo ailo studio della sicrodiagnosi ncH’ 
amebiasi.) Rita, G. (1947). Riy. Farassit., 8, 113. 
The author carried out complement-fixation tests with 
an antigen made by Craig and Scott’s technique on 63 
patients with amoebic infection and on Tiumerous con- 
troh: 14 had acute dysentery, 2 amoebic hepatitis, and 47 
intestinal amoebiasis. In 1 patient with hepatitis the 
entamoebae were not found, but they were seen in all 
the others. Fifty-eight gave a positive result. Of the 
5 negatjve cases, 2 had acute dysentery and 3 had mild 
intestinal forms. Persistence of the complement-fixation 
reaction indicates that the patient is not free from his 
amoebae and relapse is likely. 

Meningitis Lepfospirosn. Buzzard, E. M., and Wylie, 
J. A. H. (1947). Lancet, 2, 417. 

This paper records 5 cases aged 9 to 23 years in which 
Weil’s disease was characterized solely by mild benign 
meningitis with certain particular features, especially 
suffusion of conjunctivae. Three had recently been river 
bathing and the other twoJiad occupational risks. The 
cerebrospinal fluid had a slightly raised pressure and a 
cell count of 50 to 300 per c.mm. with varying propor- 
tions of granulocytes and lymphocytes. . There was slight 
proteinuria, but no cells or casts in the urine. No patient 
was jaundiced. In all cases the agglutination titre rose 
to 1 in 1,000 or higher at the end of the second week. 
All recovered completely without specific treatment of 
any kind. 

Meningitis due to Candida (Monilia) Albicans with 
Recovery. Zimmerman, S. L., Frutchey, Li, and 
Gibbs, J. H. (1947). J. Anier. med. Ass., 135, 145. 
This is believed to be the first recorded case of recovery 
from meningitis proved to be due to Candida albicans, 
the 3 previously recorded cases having all ended fat.illy. 

A man aged 28 had a week’s history of increasing malaise, 
headache, fever, vomiting, and drowsiness alternating 
with delirium. White patches were present on the 
palate, posterior pharynx, and back of the tongue. He 
had neck rigidity, a positive Kernig sign, absent deep , 
reflexes, and retention of urine. His cerebrospinal 
fluid contained 37 lymphocytes per c.mm. and 186 mg. 
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proiein and 5S5 mg. chlorides per 100 ml. A direct 
smear of the fluid stained with methylene blue showed 
large, oval, budding yeast-like fungi, which could 
cultured and subcultured with production of mycelia. 
Serum agglutination against C. albicans was positive at 
a I in 40 dilution. 

The condition responded to an S-day course of 
streptomycin, and he eventually made a complete 
recovery. A. H.Stewaft-Wallace. 


Obsenations on (fie Epidemiologj' of Poliomyelitis in 

Glasgow. Anderson, T. (1947). G/asg. med. 28, 

■328. 

The epidemiology of poliomyelitis is discussed in the 
light of recent c.xperience of the disease in Glasgow. It 
seems probable that the final number of cases in Glasgow 
in 1947 will not be far short of three-quarters of the total 
number of cases notified in the past 27 years. This high 
prevalence' justifies a discussion of the possibilities: 
(a) that a new virus may have appeared; (b) that the 
virus normally present endemically may have acquired 
an increased power of attack; or (c) that the human 
herd may have become more susceptible because of some 
unknown environmental change. ■ The author inclines 
to the view that person-to-person infection, chiefly from 
healthy carriers and abortive cases, is the most imponant 
means of spread. IF. ff. Bradley. 


The Isolation of a Filterable Agent Pathogenic for Mice 
from a Case of Reiter’s Disease, Dunham, J., Rock, 
J., and Belt, E. (1947). J. Urol., 58, 212. 
Conjunctivitis was produced in mice by intraperitoneal 
injections of filtered allantoic fluid previously infected 
with material from the urethra and conjunctiva of a 
23-year-old white man suffering from Reiter’s disease 
with conjunctivitis, urethritis, and arthritis uninfluenced 
by sulphathiazole, penicillin, or neoarsphenamine. 


The Harris Slide Test. A Microflocculation Test for 

Sj'philis with Cardiolipin Antigen. Vogelsang, T. M. 
. (1947). Brit. J. rener. Dis., 23, 109. 

Cardiolipin was used for the Venereal Disease Research 
Laboratory slide test by Harris et at., who reported highly 
satisfactory results with a low incidence of false positive 
reactions {J. rener. Dis. Inform., 27, 169), as did Kline 
AArc/i. Derm. Syph., Chicago, 1947, 55, 514) when 
contrasting this test with the other flocculation proce- 
dures. 

The present author employed what he christens the 
“Harris test” on 5,556 sera, "and compared the results 
with the standard Kahn and Meinicke and with Bordet- 
Wassermann tests. Of 777 known s>’philitic sera there 
was agreement between results of the Harris and Bordet- 
Wassermann in 81.85%. Of the remaining 141 sera 100 
gave a positive Harris reaction and 99 a positive Wasscr- 
mann, while negative results were obtained in 41 and 42 
respectively. Of 4.779 non-s>philitic sera there was 
agreement'in 98.72%, although, of the 61 remaining, 43 
gave a negative Harris reaction and only 10 a negative 
Bordet-Wassermann. Thus the two tests were about 
equally sensitive, the Harris being the more specific. 
The Harris test showed similar sensitivity and somewhat 
greater specificity than the standard Kahn; even if less 
sensitive than the Meinicke, it was considerably more 
specific. R. R. Uil!co.x. 


BrOCHE^^STRY 

A Survey of the Accurate of Chemical .Analyses in Clinical 

Laboratories. Belk, W. P., and Sunderman, F. W. 

(1947). Amer. J. din. Path., 17, 853. 

In 1946 the Committee on Laboratories of the Medical 
Society of Pennsylvania carried out a survey to check the 
accuracy of findings in clinical laboratories. Some 59 
pathologists in hospitals of aU types expressed their 
willingness to analv-se standard samples sent to them. 
Each received 1 2 samples, previously analysed, of aqueous 
solutions of glucose, chloride, urea, and calcium in 
concentrations commonly found in the blood, together 
with a sample of serum for protein estimation, and 
samples of whole blood for haemoglobin determination. 
Their findings were entered on plain printed cards, 
which were returned unsigned. The data were arranged 
in frequency distributions, and histograms are repro- 
duced. The referee selected reasonable limits of error 
permissible for each analj-sis, and grouped results as 
“satisfactory" and “unsatisfactory” according as they 
fell within or outside these limits. The authors found a 
surprising degree of unreliabilit>’; measurements were 
below any reasonable standard of accuraty. Unsatis- 
factory results outnumbered the satisfactory ones, and 
gross errors were not uncommon. Of 51 haemo^obin 
determinations, only 17 were satisfactory (limits 9.8 i 
0.3 g. per 100 ml.); of 52 glucose determinations (limits 
60i;10 mg. per lOO ml.) 19 were unsatisfactory; and of 
44 serum albumin determinations only 9 were satisfac- 
tory. Roughly one-third of the caldura estimations were 
satisfactory, and two-thirds of the ’ sodium chloride 
estimations. 

A questionary on these unsatisfactoiy results brought • 
replies from 106 pathologists. The majority’ attributed 
the inaccuracy to poor training and shorta'ge of tech- 
nicians, while 64 thought that there was lack of under- 
standing between pathologist and slalT, 

S. S. B. Gilder. 

(This very important sun-ey should be read and the 
figures and tables studied in the original. A similar 
survey carried out in this country would certainly reveal 
the poor correlation existing among laboratories, even 
when they are using similar methods. — Ed.) 

Methionine Excretion. Effect of Diet and Methionine 

Ingestion in Nonnal Subjects. TrowTix, H. C. 

Slesinskj, F. a., and Treadwell, C. R. (1947). Proc. 

Soc. exp. Biol., N. Y., 66, 482. 

The daily urinary excretion of methionine in £0 male 
medical students on a normal control diet containing 
approximately 2 g. methionine per day, as determin^ bv 
the method of Albanese (Bull. Johns Hopk. Hasp., 1944 
75, 175), averaged 318-9 mg. (range 199 to 518 mg.) or 
about 4.5 mg. per kilo body weight. The methionine 
excretion during 6-hour and 24-hour periods after the 
ingestion of I or 1.5 g. methionine was determined in 
26 subjects given food and i I subjects given none. The 
increase in methionine excretion was approxLmatdv 9 and 
15% of the amino-add supplement. 

Three groups of 12 subjects wc.’-c then placed on a' di”' 
with a low and a higher protein content and a hich fat 
content respectively. The calculated dailv meth.rinin- 
content of the diets was 1.34. 3.33, and £23 g. After 
4 days no change in the methionine excretion «-■$ 
observed in the subjects on the diets with !o'.v or hich-r 
protein content, but there was a decrcare in the 
ninc excretion in the subjects on a hiah fa! diet, and a 
similar decreased excretion was obteaed when ih- h’tcr 
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subjects were given a 1.5 g. supplement of methionine. 
Nine subjects who fasted for 3, days showed a diminished 
urinary excretion of methionine. It is suggested that 
an increased lipotropic requirement might account for 
diminished excretion of methionine in subjects on a high 
fat diet or after a 3-day fast. C. C. N. Vass. 

Plasma ^/-Methionine Levels Following Intravenous 
Administration in Humans. Harper, H. A., Kinsell, 
L. W., and Barton, H. C. (1947). Science, 106, 319. 
After a 12-hour fast a blood sample was withdrawn 
for determination of plasma methionine, and 50 ml. of 
3% solution of ^//-methionine was then given intraven- 
ously to 11 subjects. Methionine determinations were 
then carried out on the plasma and urine at intervals 
during 3 hours. Following a sharp rise in plasma 
methionine 15 minutes after injection the concentra ion 
slowly fell, but in no case did it reach the pre-injection 
level within the 3 hours of observation. There were 
considerable individual variations in rate of disappearance 
and in urinary excretion. The excretion was most rapid 
during the first 15 to 30 minutes when the blood levels 
were highest, but the amount excreted at any time was 
quite low when compared with the quantity injected. 

D. T. Barry. 

Use of Methionine and Vitamin Supplements in Treatment 
of Hepatic Disease. Clinical and Laboratory Observa- 
tions. Gayer, D. (1947). Arch, intern. Med., 80, 644. 
The author divides 18 cases into three groups: (1) 4 of 
acute infective hepatitis (2) 6 of chronic hepatitis without 
ascites, and (3) 8 of chronic hepatitis with ascites and 
signs of collateral venous circulation. The patients were 
given a daily oraLdose of 3 to 6 g. of methionine and 
therapeutic doses of th? vitamin-B complex, in addition 
to a diet of 3,500 calories made up of 120 to 140 g. of 
protein, 130 to 150 g.-of fat, and 350 to 400 g. of carbo- 
hydrate given in multiple small feeds. Those in hospital 
were given 500 to 1,000 ml. of 10% dextrose solution 
intravenously daily. In group 1 the course of the disease 
was not appreciably altered. In group 2 considerable 
Improvement, as judged by clinical observation and by 
liver-function tests, was noted in all cases within 7 days. 
In group 3, 7 out of 8 patients showed some clinical 
improvement, and 3 were well and carrying on full-time 
work on an average 13 rnonths after treatment. The 
author comments on the well-knowri poor prognosis in 
this disease and quotes for comparison larger series 
reported by others and treated on different lines. 

J. B. Mitchell. 

The Thymol Turbidity Test as a Measure of Liver Disease. 
With Special Reference to Comparison of the Turbidity 
at 18 Hours with that at 30 Minutes (“18 Hour Tur- 
bidity Ratio”). Shay, H., Berk, J. E., and Siplet, H. 
(1947). Gastroenterology, 9, 641. 

The Thymol Turbidity Test and Impaired Liver Function. 
Mann, F. D., Snell, A. M., and Butt, H. R. (1947). 
Gastroenterology, 9, 651. 

Studies of Responses of Certain Hepatic Tests in Diseases 
of the Liver and Biliary Tract. I. Serum Cephalin 
Cholesterol Flocculation, Thymol Turbidity, Thymol 
Flocculation and Colloidal Gold Responses. Neefe, 
J. R., Bahnson, E. R., and Reinhold, J. G. (1947). 
Gastroenterology, 9, 656. 

These three interesting papers deal with the now much- 
used turbidity or flocculation tests of hepatic function. 


Shay and others consider particularly the thymol- 
turbidity test, but contrast it clinically with the cephalin- 
cholestcrol and colloidal gold tests. They suggest a new 
modification of the thymol reaction — namely, a reading 
at 18 hours as well as at 30 rhinutes — and find that the 
“18-hour turbidity ratio” remains abnormal in infective 
hepatitis longer than do the other flocculation tests. 

Mann and others have also used the thymol-turbidity 
test, and agree with previous workers that it is usually 
positive in infective hepatitis and negative in biliary 
obstruction. In other forms of hepatic disease the results 
are very variable. The authors’ comment on the possible 
explanation of the flocculation is worth reading. They 
emphasize that the bromsulphthalein retention test is still 
the best indicator of injury to the liver when jaundice is 
‘ absent. 

Neefe and others found that the cephalin-cholesterol 
test provided evidence of hepatic disorder more often 
than did the other tests, but was for this reason of less 
value in distinguishing between intrahepatic forms of 
jaundice and extrahepatic biliary obstruction. They 
suggest that the thymol and gold tests are likely to have 
a similar mechanism, since their results run parallel and 
may differ considerably from those with cephalin- 
cholesterol. They conelude that a combination of all 
three tests is often useful in diagnosis, but if two only are 
chosen they should be the cephalin-cholesterol and 
thymol reactions. 

(These papers support other workers’ opinions of the 
value of these three tests of disturbed hepatic function, 
and will encourage research into their mechanism.) 

J. IF. McNee. 

The Colloidal Scarjet Red Test Applied to Cerebro-spinal 

Fluid. (La reaccion del rojo escarlata coloidal aplicada 

al liquido cefalorraquideo.) Trioueros, E. A., and 

Reinlein, j. M. A. (1947). Rev. din. esp., 27, 182. 

Gray {Arch, intern. Med,, 1940, 65, 523) supested the 
use of the colloidal gold curve for testing hepatic function. 
Maizels proposed the substitution of the scarlet-red test 
instead of the colloidal gold test; this in turn led the 
authors of this paper to think that the scarlet-red test 
might be useful for replacing Lange’s colloidal curve in 
examinations of the cerebrospinal fluids. They have 
e.xamined 96 cases, and find that Lange curves and the 
curves obtained with scarlet red are for practical purposes 
identical.' As the scarlet-red test is'simpler and cheaper 
to carry out, the authors recommend it instead of 
Lange’s gold test. F. K. Kessell. 

Studies on the Mechanism of the Fanconi Syndrome. 

Stowers, J. M., and Dent, C. E. (1947). Quart. J. 

Med., 16, 275. 

The authors record a case in a man of 35 who had 
severe osteomalacia in the absence of any dietary 
deficiency of vitamin D, mild diabetes with renal glyco- 
suria, amino-aciduria (without excessive cystine or 
methionine excretion), hypophosphataemia, and moder- 
ately impaired renal function; _ the liver showed focal 
centrilobular necrosis with nodular hyperplasia and a ^ 
carcinomatous change (malignant hepatoma). Details 
of the investigations, including special metabolic studies 
of the amino-acid and sulphur metabolism and the ionic 
equilibrium of the serum and urine, are recorded. No 
significant change in the metabolism of sulphur-contain- 
ing amino-acids was found. It is suggested that the 
excessive _ excretion of glucose and amino-acids is 
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dependent on the lack of adequate phosphate for their 
efrective phosphor>’lation; thus their tubular reabsorp- 
tion is impaired; besides a low renal threshold for 
phosphates, hyperphosphaturia may result from a 
chronic mild acidosis. Henry Cohen. 

The, Influence of Stilbamidine upon Kidney Function, 
Liver Function, and Peripheral Blood in Multiple 
Myeloma. Arai, H., and Snapper, I. (1947). N.Y. 
St. J. Med., 47, 1867. 

The authors discuss the toxic effects of stilbamidine, 
and report their findings in the treatment of 26 patients 
suffering from multiple myeloma. The kidney and liver 
functions were studied during and after stilbamidine 
therapy. In 24 patients there were no significant changes 
suggestive of impairment of kidney or liver function 
during or after stilbamidine therapy. Two patients who 
showed evidence of renal impairment during treatment 
were proved to have serious involvement of the kidney 
with myeloma. The authors conclude that although 
there is no conclusive evidence of renal or hepatic damage 
due to treatment with stilbamidine the influence on the 
kidney function of patients with myeloma must be 
carefully watched, espedally in those with Bence-Jones 
proteinuria. G. E. Hesketh. 

Diagnosis of Adrenal Tumours. A New Chemical Test. 
.-Patterson, J. (1947). Lancet, 2, 580. 

The differential diagnosis of adrenal tumour from 
adrenal hyperplasia is not aided by the estimation of 
the total urinary 17-ketosteroids, since they are increased 
in both conditions. One member of the group, however, 
dehydro/soandrosterone, is increased in adrenocortical 
tumours in females. A new colour reaction is described 
for this substance. The reaction was positive in 3 cases 
of adrenal tumour w-ith a veiy high daily ketosteroid 
output (215,335, and 1,980 mg.), negative in 6 cases of 
prepuberal virilism (output 24 to 81 mg.), and negative 
in 8 cases of secondary virilism (output 21 to 30 mg-). 

H. Herxheimer. 

The Renal Regulation of Acid-base Balance in Man. 

I. The Nature of the Mechanism for Acidilving the 
Urine. Pitts, R. F., Lotspeich, W. D., Schiess, \V. A., 
and Ayer, J. L. (1948). J. din. Imest., 21, 48. 

The rate of excretion of titratable acid in the presence 
of acidosis with a concomitant infusion of large quantities 
of neutral sodium phosphate (pH 7.4) or creatinine was 
investigated. Eight experiments were performed on 4 
healthy adult males. Acidosis was induced by the 
ingestion of 20 'g. of ammonium chloride on the day 
preceding the obsen-ations. “Arlerialized” venous blood 
was obtained from an arm vein for determinations of 
pH and CO. content. Glomerular filtration rate was 
determined by thiosulphate clearance; the plasma 
thiosulphate concentrations were maintained between 
30 and 40 mg. per 100 ml. Simultaneous measurements 
of the rates of filtration, reabsorption, and excretion of 
monobasic and dibasic phosphate and carbonic acid 
showed that the quantity of titratable acid excreted was 
much greater than that which was filtered off in the 
glomerulus. When the plasma phosphate concentration 
reached 6 to 7 mM (millimols) per litre the hj-pothctical 
nltration-reabsorption mechanisms for phosphate and 
bicarbonate together could account for only one-third 
of the titratable acid excreted. Acid must have been 
added to the urine by the renal tubule. The rate of 
ammonia excretion averaged 0.066 mEq (milliequira- 


lenfs) per minute which, though much increased over 
normal, was not high compared , with that observed 
in diabetic acidosis. The ratio of ammoma to titratable 
acid, normally between 1 and 2.5, fell with the infusion 
of phosphate to 0.16 solely because of the increase in 
rate of excretion of titratable acid. In three experiments 
on 2 subjects the pH of the urine ranged between 4.48 
and 4.6. Three e.xperiments on 3 different subjects were 
made in which creatinine was substituted for phosphate. 
Again the carbonic-acid filtration could account for only 
35 to 56 % and the phosphate reabsorption for only 5.4 
to 8.7% of the excreted add. The mecharmm for add 
excretion in the human kidney is qualitatively similar 
■ and, judged by these experiments, quantitatively greater 
than that described in the dog kidney (Pitts and Alex- 
ander, Amer. J. Physiol., 1945, 144, 239). C. C. N. Vass. 

The Renal Regulation of Add-base Balance in Man. 
n. Factors Affecting the Excretion of Titratable .4dd 
by the Normal Human Subject. Schiess, W, A., Ayer, 

J. L., Lotspeich, W. D., and Prrrs, R. F. (1948). 
J. din. Imest., 27, 57. 

This paper records a study on one subject (R.F.P.) 
but the results obtained were confiimed on other normal 
adult males. With the subject in a state of moderate 
24-hour acidosis (plasma bicarbonate concentration 
14,4 mM (millimols) per litre, plasma pH 7.37) the 
amount of phosphate in millimols e.xcreted per minute 
during infusion of neutral phosphate bore a direct 
relation to the amount of titratable add in milliequivalents 
e.xcreted per minute. The results are in accord with the 
view that the urine is acidified by the exchange of 
hydrogen ions formed within the tubular cells for ions of 
fixed base in the tubular urine. C. C. j\. Pass. 

A New Clearance Substance in Renal Function Tests. 
(Eine neue Clearance-Substanz zur Nierenfunktion- 
spriifung.) Fubr-mann, G., and Schubert, H. (1947). 
Z. ges. inn. Med., 2, 451. 

The use of inulin and of creatinine clearance substances 
in testing renal function is unsatisfactory. A new agent, 
triticin, has been employed; it is also a fructose-yielding 
polysaccharide but of low molecular weight and soluble 
in water (25 °Q. It may be injected rapidly and never 
causes shock. It is e.xcreted completely in the urine in 
about 4 hours, none being retained by the tissues. 
Hydrolysis and the Selivanoff test, employed quanti- 
tatively with photometric measurement, proved satis- 
factory for estimation of triticin. The normal clearance 
values as well as the abnormal are appro.ximaiely those 
obtained with inulin. £>. T. Barry. 

The Titratable Acidity, pH, Ammonia and Phosphates in 
the Urines of 3^co' Young Infants. McCa.vce, R. A., 
and VON Finck, M. A. (1947). Ardi. Dis. Childh., 22, 
200 . 

For some time after birth the kidney function is still 
immature, and it has been shown that the glomerular 
filtration rate, and the urea, sodium, and chloride clear- 
ances are low in newborn babies. This paper extends 
these observations by furnishing data on the pH, the 
titratable acidity, the ammonb coefficients, and the 
phosphate in the urine of newborn babies bom in ocxni- 
pied Germany. Comparisons are made with specimens 
obtained from healthy Britains and Gernuns. 

The data are based on the examination of urine from 
72 infants, 36 adults, and 10 diabetics. All the babies 
were breast-fed and no additional water was gisen. The 
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following results were obtained: (1) The average pH 
tended to fall slightly after birth with an increase as milk 
flow was established. The pH did not differ from the 
average in urine from healthy adults. (2) The titratable 
acidity varied with the concentration of the urine and 
fell as the pH rose. (3) Ammonia coefficients were 
unaffected by the age of the baby but on the average were 
higher than in normal adults. (4) The ratio of the 
ammonia to the acidity was higher in infants than in 
adults. (5) Urine of newborn infants contained very 
little phosphate. This might lead to an incapacity to 
deal with an acidosis, should one occur. (6) Urine 
passed in utero was very dilute but differed in no other 
way from that passed in the first few days of life. 

A. G. IVatkins. 

Response of New-born Children to Hjpertonic Solutions 
of Sodium Chloride and of Urea. Dean, R. F. A., and 
McCance, R. a. (1947). Nature, Loud., 160, 904. 

The authors examined the diuresis following injection 
of hypertonic saline and urea in infants suffering from 
meningomyelocele, and compared the findings with those 
in normal adults. While a diuresis occurred in both 
infants and adults, this was much less marked on a basis 
of surface area in infants, while after saline the osmotic 
pressure of the urine behaved differently in the two 
groups, falling in adults and rising in infants. Excretion 
of administered salt was much slower in infants. Similar 
results were obtained with urea, though the discrepancies 
between age groups were less marked and the diuresis 
less. Ahx Comfort. 

Influence of the Diet on Urea Clearance. (Kostens 
Indflydelse paa Urihstof-clearance.) Bang, H. O., 
and Nielsen, A. L. (1947). Nord. Med., 36, 2376. 

The authors report the effects of alternate high-protein 
and low-protein diets on urea clearance in 5 nurses and 
5 patients with healthy kidneys. The good diet was the 
full Danish hospital diet with 100 g. of meat added daily; 
the poor diet contained 25 to 30 g. of protein daily and 
had a calorie value of about 2,000. Subjects were given 
the diets for from 6 days to over 3 weeks and were in 
nitrogen balance ; the nurses lost some weight when on 
the poor diet. 

Urea clearance was estimated during two 1-hour or 
three j^-hour periods with an indwelling catheter. 
Diuresis was maintained to give maximal clearances. 
In all there were 25 estimations after a good diet and 15 
after a poor one ; with insignificant e.xceptions, individuals 
on the poor diets showed a fall in clearance down to as 
low as 44 % of the previous values; the average fall was 
to about 70%. On return to the good diet clearance 
rose again. Other features of the poor-diet period were 
lowered urinary output (average 700 against 950 ml. a 
day), low plasma-urea levels (average 19 against 28 mg. 
per 100 ml.) and a low nitrogen output (average 4,1 
against 10.7 g. a day). A. M. M. Wilson. 

Examination of Diodrast Clearance and Tubular Excretory 
Capacity in Man by Means of Two Single Injections of 
Diodrast (Umbradil). (In English.) Josephson, B. 
(1947). Acta mcd. scand., 128, 515. 

A method of testing renal function is described based 
on changes of the plasma and urine concentration of 
“diodrast” after one intraglutaeal and one intravenous 
injection, combined with a clearance test of creatinine 
and inulin. 


Nitrogen and Fluid Balance in Treatment of Acute Uremia 
hj' Peritoneal Lavage. Analysis of Peritoneal Washings 
for Protein, Nonprotein Nitrogen and Phosphorus, 
BA.ssnTT, S. H., Brown, H. R-., Keutmann, E. H., 
Holler, J., Alstine, H. E. V., Mocejunas, O., and 
ScitANTZ, H. (1947). Arch, intern. Mcd., 80, 616. 

A woman aged 21, who in- the course of progressive 
subacute glomerulo-ncphritis became uraemic and 
practically anuric, was treated during the last 21 days of 
her life by peritoneal lavage. Altogether 257 g. of 
nitrogen was removed in the washing (140 g. of non- 
protein nitrogen and 117 g. of protein nitrogen), in 
addition to 92 g. in the gastric contents obtained by 
suction and 5 g. in the urine. At first substantial reduction 
in the non-protein nitrogen in the blood and inorganic 
phosphorus in the scrum were obtained,' but as the 
patient lost oedema fluid the values finally exceeded the 
prclavagc figures. L. H. Worth. 

The Urinary Excretion of Amino Acids liy a Cystinuric 
Subject. Yeh, H. L., Frankl, W., Dunn, M. S., 
Parker, P., Hughes, B., and Gyorgv, P. (1947). 
Amer. J. wed. Sci., 214, 507. 

In 7 normal subjects, the amino-acid excretion showed 
a remarkably uniform pattern, regardless of age differ- 
ences. In a cystinuric child there were marked changes 
from the normal in the excretion of some amino-acids, 
both in absolute and relative amounts. Ingesti 9 n of 
methionine increased the urinmy excretion of cystine in 
the cystinuric patient. It appears that in the normal 
subject arginine, cystine, and histidine, and in the 
cystinuric patient arginine, cystine, and lysine arc present 
mainly in the unconjugated state, since the values for 
these amino-acids were essentially the same bcforcand 
after hydrolysis of the urine. L. H. Worth. 

Chemical Studies in Children with the Nephrotic Syn- 
drome. Gottfried, S. P., Steinman, J. F., and , 
Kramer, B. (1947). Amer. J. Dis. Child., 74, 283. 
For 2 years the authors studied 10 children between 
16 months and 5 years old; 2 of the children died during 
this period. Extensive examinations were made" of the 
blood chemistry and hepatic function. An increase or 
decrease of oedema seemed dependent on the serum 
protein and serum albumin being below or above 4 g. 
and 1.5 g. per 100 ml. respectively. Therapeutically, 
concentrated plasma and various forms of protein 
hydrolysate failed to produce any constant effect upon 
the total protein and serum-albumin levels. Some 
impairment of hepatic function was noticeable in all 
cases, and a defective production of protein is postulated. 
Low calcium values in serum were consistently present, 
and slight generalized osteoporosis was visible in radio- 
graphs. W. G. WylHc. 

The Addis Count in the Prognosis of Acute Nephritis in 
Childhood. Giles, M. D. (1947). Arch. Dis. Childh., 
22,232. 

The Addis count was used as a guide to prognosis in 
acute haemorrhagic nephritis. A red cell count of 
600,000 per c.mm. or under in an 18-hour specimen of 
urine was considered to be normal. The result of the 
Addis count in 218 cases of acute haemorrhagic nephritis 
was compared vvith results of renal function tests, 
including estimations of non-protein nitrogen, scrum 
proteins, and urea concentration and clearance tests. If 
the Addis count returns to normal and remains so it 
may be assumed that the renal lesion is healed and that 
a relapse is unlikely. A. G. Watkins. 
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Comparative Absorption, Excretion, and Storage of Oily 
' and Aqueous Preparations of Vitamin A. Lewis, J.M., 
Bod-vnsky, O., BiUNffsOHAM, J., and Cohlan, S. Q.— 
(1947J. J. Pediat., 31, 496. 

Previous observations by these authors indicated that 
aqueous solutions of vitamin A are much better absorbed 
by premature, infants than oily preparations, and the 
present investigation was undertaken “to ascertain 
whether the same phenomenon obtained for full-term 
infants, children, and adults.” It was found that the 
average maximum blood level of vitamin A was five 
times higher after the aqueous product than after the 
oily solution. That this was due almost entirely to 
better absorption was shown by the fact that an average 
of 3S% was wasted in the stools after ingestion of the 
oily product, whereas only 7 % of the vitamin-A intake 
was lost in the stools when the aqueous solution w^ 
given. Similar studies on an 8-year-old boy with cystic 
fibrosis of the pancreas suggest that it should be possible 
to eliminate vitamin-A ddiciency as a complication of 
this disease. It should also be possible to improve the 
absorption and effectiveness of vitamin D in the preven- 
tion and treatment of rickets. M. Baber. 

Thiamine, Riboflavin, Nicotinic Acid, Pantothenic Acid 
■ and Biotin in the Urine of Newborn Infants. Hasui., 
B. M., Coryell, N., Roderuck, C., Kaucher, M., 
Moyer, E. Z., Harris, M. E., and Williams, H. H. 

~ (1947). Amer. J. Dis. Child., lA, 434. 

Estimations of the daily urinary excretion of the 
vitamins of the B complex was undertaken in the new- 
born as a preliminary to assessing the nutritional status 
of the babies as regards these substances. Maximal 
average concentrations of thiamine and of pantothera'c 
acid vyere found in urine excreted on the third day of life. 
For riboflavin the maximal average value was found on 
the first day, and for nicotinic acid and biotin on the 
second. The concentration of alt vitamins in the urine 
decreased greatly after the first few days, very low levels 
being reached by the fifth day post partum in spite of 
abundant intake of breast milk. This large excretion of 
vitamins presumably indicates a high foetal storage. 

Af. Baber. 

The Effect of Dietary Restriction of B-complex Vitamins 
. and Protein on the Excretion of Creatinine by Human 
Subjects. Friedemann, T. E., Kimvey, V. M., 
Berryman, G. H,, Henderson, C. R., and Voumans, 

J. B. (1948). J. Nmrit., 35, 117. 

&ven men, aged 22 to 27 years, initially physically fit, 
were given 3 different diets and physical exercises over a 
period of 50 weeks, during which the variations in 
creatinine excretion and their relation to changes in 
weight and physical performance were studied. The 
rMults_ support the theory of early physiologists that 
there is a “constancy” in the relation between the 
creatinine excretion and the physical and nutritional state 
of the individual. 

^ itamin C in the Blood and Urine-of the Newborn and in 
the Cord and Maternal Blood. Hamiu, B. M., Monks, 
B., Moyer, E. Z., Kaucher, M., and V’iluams, H. H. 
(1947). Amer. J. Dis. Child., 74, 417. 

The plasma concentration of reduced ascorbic acid 
was estimated in samples of cord blood, capillary blood 
from 24 male breast-fed infants, and venous blood 
from their mothers, and compared with the amounts of 


vitamin C excreted in the infant’s urine during the first 
week of life. The results showed wide variations, bat 
cord blood contained by far the highest concentration of 
vitamin C, and the average value for the babies’ blood, 
though only about half that for cord blood, was higher 
than for mothers’. Concentrations of vitamin C in urine 
were high during the first 2 days of life, but if the babies 
were not supplied with vitamin C urinary’ excreuon 
dropped rapidly to low levels or disappeared as the blood 
level of the vitamin decreased. M. Baber. 

Changes in Seram Calcium and Inorganic Blood Phos- 
phorus after Treatment with Massive Doses of Mtamin 
D, in Some Cases of Tnbercnlosis in Children. (\^aria- 
zioni del calcio sierico e del fosforo inorganico ematico 
dopo urtoterapia D. in alcuni casi di T.B.C. infantile.) 
Rag.azziki, F. (1947). Rir. Clin, pediat., 45, 473. 

The behaviour of blood calcium and inorgam'c -phos- 
phorus levels was studied in 14 children with tuberculosis 
and 1 normal control; all were given massive doses of 
vitamin D- (calciferol), with and without intravenous 
calcium. 

Cases were divided into 3 groups of 5. Patients in 
the first 5 were given 600,000 units intramuscularly and 
the serum calcium was estimated 1 A, 3, 6, 24, 27, 33, 48, 
51, 57, 72, and 96 hours later. There was a ma.ximum 
rise of caldum late on the second or early on the third 
day to O.S-1.9 mg. per ml. above the “resting” value; 
this maximum was maintained for 12 to 24 hours, and 
thereafter the level slowly fell, but in no case did it reach 
the former “resting” figure within 4 days. There was a 
small initial drop in blood calcium at 14 hours. The 
second group was investigated over a period of 2 vveefe, 
with daUy serum calcium estimations for the first 7 days, 
and then on alternate days. A maximum rise on the 
third day was confirmed, and some cases showed a 
second but lesser peak about the sixth to eighth day. 
The blood calcium returned to its former level during the 
second week, in all cases by the fifteenth day. In the third 
group were 4 children with some form of tuberculosis, 
and 1 control. Phosphorus levels were found to parallel 
closely those of calcium in the serum, but the rise was 
more persistent. The daily intravenous injection of 10 ml. 
of 10% calcium gluconate produced greatly increased 
serum calcium, and the rise was more prolonged but 
there was no further effect on the phosphorus level. If 
calcium was given alone without vitamin D.j there was 
no significant change in either the calcium or the phos- 
phorus level, but if the vitamin was then administered 
there was an immediate and marked rise in calcium. 
Calcium given a week after the injection of calciferol had 
no effect in raising the calcium level in the blood. The 
normal control showed no change in phosphorus levels 
in spite of increase in serum calcium. TTie author 
recommends simultaneous administration of calcium and 
vitamin D., as caldum is then better utilized and the 
initial hypocalcaemic effect is obviated. 

F. G. Siia-Lumsdcr.. 

Utilization of Parenteral Protein Hydrolysate in the 
Normal. Barborka, C. J., Carroll, W. W., and 
Hepler, O. E. (1947). Gastroenterology, 9. 579. 

The preparation used in this study was “aminosol- 
fibrm.” a partial acid hydrolysate of fibrin, 5% vv v, 
with 5% dextrose. About one-third of the ammo-acids 
was in free form, and the remainder approximately in 
the tripeptide state. There were no toxic reactions, 
provided the solution was administered at a rate no; 
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exceeding 80 drops a minute. Ten healthy 75-kg. 
medical students were chosen for the experiment. The 
administration of hydrolysate was preceded by a control 
period when the students were subjected to a protein 
intake varying between 75 and 10 g. daily. On this 
dietary a slight to- definite negative nitrogen balance 
existed in all the subjects. A significant positive balance 
was obtained by the daily administration of 2 litres of 
the hydrolysate in'all except those subjects whose diet 
contained only 10 g. of protein, these required 3 litres. 
The administration of larger doses was found to be 
unnecessary and wasteful. The positive balance was 
obtained only while the hydrolysate was being admin- 
istered, and was rapidly lost during the ensuing 24 hours. 

During administration there was no elevation of* the 
non-protein nitrogen content of the blood and no 
significant alteration in the serum proteins. 

J. B. Hannah. 

The Effect of Dietary Fat upon Gastric kvacuation in 
Normal Subjects. Annegers, J. H., and Ivy, A. C. 
(1947). Amer. J. Physiol. , 150, 461. 

The authors, investigating the statement that fat delays 
gastric emptying, administered standard meals containing 
varying proportions of fat, and studied the emptying of 
the stomach by radiography. They conclude that while 
there is no difference in effect between saturated and 
unsaturated fats, statistically significant delay occurs in 
most subjects receiving a higli-fat meal. 

Alex. Comfort. 

Anomalies of Intestinal Absorption of Fat. II. The 
Haematology of Idiopathic Steatorrhoea. Cooke, 
W. T., Frazer, A. C., Peeney, A. L. P., Sammons, 
H. G., and Thompson, M. D. (1948). Quart. J. Med., 
27, 9. 

It is interesting to have fresh confirmation that the pale 
faeces of steatorrhoea contain normal or increased 
amounts of bile pigments. The authors are inclined to 
attribute any increased pigment excretion to increased 
haemolysis rather than to a failure of absorption. 

L. P. R. Foiirmaii. 

The Chylomicron Count in Normal Subjects and Patients 
with Sprue. Fourman, L. P. R. (1948). Trans. R. 
Soc. trap. Med. Hyg., 41, 537. 

The difficulties involved in counting chylomicrons are 
discussed, but the general conclusion is that counts of 
the fatty particles in serum do give some indication of 
the amount of absorbed fat in the serum at the time of the 
count. The chylomicron count does not, however, bear 
a close relation either to total fat absorption or to any 
individual fraction, though of these it is most nearly 
related to the neutral fat fraction. In patients with sprue 
depressed chylomicron curves were common, although 
the degree of depression was little related to the severity 
of the fat absoiption defect as judged by results of 
fat-balance studies; moreover, treatment with liver 
improved the chylomicron count without greatly affect- 
ing the steatorrhoea. The author’s deduction is that the 
proportion of absorbed fat which contributes to the 
chylomicron count is small. On the other hand. Hikes 
Frazer, and Stewart have shown that “chylomicron fat” 
represents an appreciable portion of the serum fats during 
fat absorption. To resolve this difficulty Fourman 
suggests that chylomicrons are removed from the blood 
more slowly than are other forms of absorbed fat. The 
general trend of results supports Frazer’s partition hypo- , 


thesis of fat absorption; and they are consistent with 
Stannus’s suggestion that absorption of neutral fat in- 
sprue is less affected than is absorption of split fat. 

D. A. K. Block. 

Aetiology of Steatorrhoea. Frazer, A. C. (1947). Brit. 

med. 2, 641. 

The author emphasizes the importance of ^balance 
experiments rather than estimations of the percentage of 
fat in the faeces in any study of fat absorption. In a 
diet eonlaining 50 g. of fat 95% or more is normally 
absorbed. Defective emulsification was found in biliary 
obstruction and hepatic cirrhosis and in cases of atrophic 
pancreatitis, but in no other cases of defective fat absorp- 
tion. In sprue systemic lipacmia is absent, though 
intraluminar changes are normal and 60 to 70% fat is 
absorbed: in regional ileitis, on the other hand, lipacmia 
is present. Adrenalectomy prevents the characteristic 
loading of the cell with fat globules, and this may be 
corrected by adequate salt therapy. Adrenal cortical 
deficiency has been suggested as a factor in the sprue 
syndrome, but if symptoms suggestive of adrenal 
insufficiency, such as dehydration and low serum-sodium 
levels, are relieved by appropriate treatment the fat 
absorption defect remains unchanged. 

Alternative routes are available for fat absorption, the 
triglycerides largely absorbed in the particulate form 
passing by the lymphatic route, the fatty acids by the 
portal vein. Variations in the proportion of fat passing ' 
by these two routes may occur without any great effect 
on the total fat absorbed. Thus in lymphatic obstruction 
the quantitative decrease in fat absorption is much less 
than might be expected. 

Since active absorption of fat occurs from the mid- 
duodenum downward the long-chain triglycerides arc 
absorbed mainly in the particulate form in the upper 
intestine and as fatty acid in the lower intestine. The 
tolerance of patients with fat-absorption defects to 
different dietary fats appears to vary considerably. The 
pH of the upper intestine may also affect the routes of 
absorption, since hn alteration towards increased 
alkalinity would produce a decrease in particulate and 
an increase in fatty-acid absorption. 

O. L. V. de iVesselon. 

The Diagnosis of Pancreatic Disease by EnzjTnc Tests. 

Morrison, L. M. (1947). J. Lab. clin. Med., 32, 1107. 

Specimens of duodenal contents were examined for 
proteinase, amylase, and 'lipase in fasting subjects and 
after the introduction of olive oil. In 6 cases of pan- 
creatic carcinoma or cirrhosis these enzymes were con- 
sistently absent or were present only in ' traces. ■ In 8 
normal subjects the enzymes were occasionally but never 
repeatedly absent. In patients with non-organic diges- 
tive disturbances, or organic disease of the upper gastro- 
intestinal tract, the findings were not diagnostic. In 
10 patients with “chronic low-grade or moderate 
inflammation of the pancreas as revealed at operation” . 
the enzyme content was not abnormal. 

Marjorie Le Vay. 

AntithjToid Activity of Ergothioneinc in Man. Astwood, 

E. B., and Stanley, M. M. (1947). Lancet, 2, '905. 

The previous findings that ergothioneine has an anti- 
thyroid effect similar to that of thiouracil, and that this 
substance occurs naturally in the blood have suggested 
that it might be involved in the regulation of thyroid 
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function. The substance, therefore, was administered to 
5 normal persons in doses of 50, 200, and 400 mg. by 
mouth and 120 and 400 mg. intravenously, but wirhout 
significant results. 

Periodic Paralysis in a Patient mth Exophthalmic Goiter 
Controlled by 6-PropylthiouraciI. Seed, L. (1947). 
iVJ. Siirg. Obstet. Gyncc., 55, 640. 

The author’s patient was a young man who developed 
sjmptoms of exophthalmic goitre and periodic paralysis 
after the aircraft carrier in which he was surving had 
been sunk. His serum potassium level was not signi- 
ficantly lowered, and administration of 2 g. of potassium 
chloride four times a day had no effect on his condition. 
His-symptoms were relieved by treatment with 6-propyl- 
thiouracil, and his condition was finally controlled by 
50 mg. three times a day. J. B. Hannah. 

Metabolic Studies in Periodic Paralysis. (Stoffwech- 
seluntersuchungen bei paroxysmaler Lahmung.) 
Jantz, H. (1947). Nenenarzt, 18, 360. 

Nine patients (7 men, 2 women) suffering from 
periodic paralysis were studied in 8 years; altogether 68 
attacks were observed. In eveiy case the potassium 
content of the blood serum was lowered during an 
attack. The lowest value was 5.5 mg. per 100 ml. As 
soon as the paralysis receded, the potassium content of 
the blood serum reached the original, level of about 
20 mg. per 100 ml. Potassium chloride in 15- to 20-g. 
doses dissolved in water and given by mouth stopped 
every attack. 

F. K. Kessel. 

Potassium-calcium Metabolism in Chilblains. (Der 
Kalium-Calcium-Stoffwechsel bei der Perniosis.) 
Schneider, \V., and Erasmy, H. ( 1947). Arch. Derm. 
Syph., men., 186, 137. 

, The normal ratio of potassium to calcium in the serum 
>s taken as being 2 to 1 . Twenty-three cases of chilblains 
Were investigated and it was found that the average K Ca 
ratio was 1:6; most of the values were below 2. The 
calcium was both relatively and absolutely increased; 
the potassium was absolutely increased but relatively 
diminished. The authors claim that in perniosis the 
preponderance of calcium in the blood varies with the 
arteriolar spasm, the latter being due to a low pre- 
ponderance of sympathetic tone. It is not only a matter 
of the preponderance of one of the components ; a failure 
of co-ordination is involved. It seems probable that 
perniosis is not due principally to the influence of cold 
but that is a disorder of the vegetative nerx'ous systera- 
hormone-electrolyte complex. F. F. Jacobson. 

The Relative Importance of Dietary Sodium Chloride and 
Water Intake in Cardiac Edema. Gorham, L. W., 
Lester, D. E., Wolf, A. V., and Shultz, H. H. (1947). 
Ann. intern. Med., 27, 575. 

The authors investigated 22 patients with cardiac 
oedema who were placed on a low-salt diet containing 
less than 1 g. of sodium chloride daily, and also 8 patients 
^ho were given a diet containing 3 g. of sodium chloride. 
Daily fluid intake varied from 1,000 ml. to 7,500 ml. 
Sodium and chloride levels were determined in serum 
twice weekly and a 24-hour specimen of urine was also 
collected daily. The loss of sodium on the diet of less 
than 1 g. of sodium chloride was shown to be appreciably 


greater than on the diet of 3 g. Very’ satisfactory' clim'cal 
improvement was recorded in the majority of those 
patients on a diet containing less than 1 g. of sodium 
chloride. Some patients showed a urinary output 
exceeding the fluid intake. In general the clinical res- 
ponse of the patient appeared to depend on the abflity 
to excrete sodium. In no case was there an adverse 
effect from the ingestion of large amounts of w ater when 
the diet w;^ kept low in sodium chloride. 

The object of the treatment is to maintain a low ratio 
of sodium intake to water intake, rather than a low- 
sodium or a high water intake, and the restriction of salt 
is more effective in relieving cardiac oedema than is the 
forcing of fluid to a high level. G. Hesketh. 

An Evaluation of Methods for Serum Proteins. Berry, 
T. J., an^ Perkins, E. (1947). Amer. J. din. Path., 1?’ 
847. 

The serum protein concentrate was estimated in 327 
consecutive blood donors, comparing the tubridimetric, 
the micro-kjeldahl, and specific gravity methods. The 
range of serum-protein ’concentrations was from 5.2 to 
7.7 g., with a mean of 6.33 g. and a standarf deviation 
of 0.58 g. It is concluded that the turbidimetric method 
(Looney and Walsh, J. biol. Ghent., 1939, 130, 635) is, 
the most suitable for use in clinical laboratories. 

R.B. Lucas. 

HAEMATOLOGY 

A Simple Quantitative Foimol-gel Reaction and its 
Relation to the Euglobnlin and Gamma-globulin Content 
of Serum. (Eeh eenvoudige quantitatieve formolgel- 
reactie en haar verband met het euglobulineeehalte en 
gamma-globulinegehalte van het serum.) Verhagen, 
B. A. (1947). Ned. Tijdschr. Geneesk., 4, 3524. 

Gel formation occurs after the addition of.a calcium- 
formalin solution to serum if the y-globulin content is 
raised above a certain critical level. A simple quantitative 
technique is described to estimate the amount of -/- 
globulin present. The results compare well with those 
given by electrophoresis. 

A Study of 114 Patients with Haemorrhagic Svudromes 
Seen within One Year. (A Critical Study of Tests of 
Haemostasis.) (Etude de 1 14 cas de svndromes 
hemorragiques examines en-fespace d’un an. (Etude 
critique des epreuves fonctionnelles de I’hemostase.) 
Tzanck, a., and Soulier, J. P. (1947). Rev. Hemat., 
2, 429. 

This long paper should be read by all interested in the 
haemorrhagic diatheses. 


Thrombocytic Acroangiothrombosis. Fitzgerald, P. J 
Auerbach, O., and Fra.me, E. (1947). Blood , 2, 519.’ 
Thrombocytic Thrombocvtopcnic Purpura. Singer K 
Bornstein, F. P., and Wile, S. A. (1947). ' Blood , 1, 
542. 

These two papers refer to a rare fatal haemorrhagic 
state of acute or subacute course and unknown causation 
The essential pathology is blockage of capillaries and 
arterioles by thrombi, mostly composed of platelets. 
Many oi^ns arc involved, and the clinical picture varies. 
The brain is often affected, and there may be menrai 
symptoms. The spleen is sometimes palpable. A ten- 
dency to bleed is always present at some siace, and th- 
platelet count is geneiallv reduced. 
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Diagnosis of Tlironibocytopcnic Purpura. (Diagnostic 
des purpuras thrombopiniques.) Dreyfus, B., and 
Soulier, J. P. (1947). Rev. Hemat., 2, 305. 

In 9 patients with primary thrombocytopenic purpura 
. the total number of megakaryocytes in the bone marrow 
varied from 450 to 4,000 per million nucleated cells, 
compared with counts of 175 to 600 in 5 normal subjects 
and in 3 patients with constitutional athrombopenic 
purpura. There was less evidence of platelet fomiation 
by budding, and an increase in young forms of mega- 
karyocytes in the cases with primary thrombocytopenia. 
In 6 patients with secondary thrombocytopenia the 
megakaryocytes were present in normal or reduced 
numbers. 


Clotting Defect in Hemophilia : Deficiency in' a Plasma 
Factor Required for Platelet Utilization. Brinkhous, 
K. M. (1947). Proc. Soc. e.xp. Biol., N.Y., 66, 117. 

Experiments are described in which platelet-free and 
platelet-rich plasmas were obtained from haemophiliacs 
and normals. Methylchlorosilane was employed to 
impart a non-wettable surface to all apparatus used so as 
to prevent the plasma from clotting during centrifugation. 
The author’s results indicate that a plasma factor is 
required in addition to platelets for the proper coagula- 
tion of blood. This plasma factor is deficient in haemo- 
philia. 

Differences During Dicoumarol Therapy in the Quick and 
Russell Viper Venom Methods for Prothrombin Deter- 
mination. Wilson, S. J. (1947). Proc. Soc. .exp. Biol., 
N.Y., 66, 126. 

Prothrombin estimations using both Russell viper 
venom and rabbit brain as sources of thrombokinasc 
were carried out in parallel ' on 7 patients receiving 
dicoumarol therapy. The author concludes that the 
changes observed when rabbit brain was used reflect 
the clinical condition more closely, and that the use of 
the viper venom may be dangerous, as the prothrombin 
level so measured may appear to be a safe one when, in 
reality, the patient is about to bleed. 

Hemophilia. A Report on the Mechanism of the Develop- 
ment and Action of an Anticoagulant in Two Cases. 
Craddock, C. G., and Lawrence, J. S. (1947). 
Blood, 1, 505. 

Two haemophilic patients became refractory to treat- 
ment by whole blood transfusion or anti-haemophilic 
globulin. The patient’s plasma contained an anticoagu- 
-lant factor which was able to prolong the coagulation 
of normal plasma in vitro. The anticoagulant was of the 
nature of a y-globulin and the authors suggest that this 
may have developed as an immune response to the many 
transfusions the patients had previously had. 

Detection of Intravascular Clotting Tendency by Heparin 
Tolerances Principle. Tuft, H. S., and Rosenheld, 
R. E. (1947). Aincr. J. din. Path., 17, 862. 

The authors have modified the Waugh-Ruddick test. 
They estimate the delay in the clotting of venous blood 
in vitro produced by adding to it heparin at a concentra- 
tion of 0.01 mg. per ml. blood. In a group of 25 patients 
with various conditions of thrombosis or embolism the 
clotting times were 30 minutes or less, compared with 
60 minutes using normal blood. It was shortened also 
in 15 out of 25 patients with myocardial infarcts. 


A Modification of the ^^'nugb-Rudd^ck Test for Increased 
Coagulability of the Blood and its Application to the 
Study of Postoperative Cases. Silverman, S. B. (1948). 
Blood, 3, 147. 

Using a modified Waugh-Ruddick test (coagulation in 
the presence of a small standard concentratioif of 
heparin) in which recalcificd plasma was used in place of 
whole blood, a postoperative increase in coagulability of 
the blood was demonstrated which began within 24 hours 
and lasted from 7 to 14 days after operation. 


Prothrombin, Fibrinogen, and Protein Content, and 
Viscosity of the Blood in Thromboangiitis Obliterans. 
(Comportamento della protrombina, fibrinogeno, 
viscosimetria, c proteincmia nclla tromboangioitc 
oblitcrante di Burger.) Sposito, M., Giannico, O., 
and Marrazza, P. (1947). Policlinico, sez. prat., 54, 
1235. 

The authors studied 29 cases of Buerger’s disease and 
claim that the prothrombin level was raised by an 
average of 15%. In 22 patients the fibrinogen averaged 
570 mg. per 100 ml. The average total plasma protein 
w.as 8.1 g. per 100 ml. The authors believe that similar 
small rises in prothrombin and fibrinogen are found in 
many, conditions where blood vessels arc diseased. The 
use of dicoumarol is suggested. 


Streakiness of Blood Films, Relation to Sedimentation- 
Rate and Plasma-Fibrinogen. Boveri, R. M., Water- 
held, R. L., and Newman, T. H. (1947). Lancet, 2, 
831. 

Streakiness in blood films spread on slides is due to an 
excess of plasma fibrinogen. This phenomenon is asso- 
ciated with a raised sedimentation rate, but not all bloods 
which undergo rapid rouleaux formation and have a 
raised sedimentation rate make streaky films. , This is 
because a raised plasma globulin which increases 
rouleaux formation and rate of sedimentation does not 
cause streakincss. 


The Action of Cobalt in Man. (Kobaltwirkungcn am 

Mcnschcn.) Weissdecker, L., and Maurer, R. (1947). 

Klin. Wschr., 24/25, 855. 

This paper is a preliminary report on the action, of 
cobalt on blood formation in man. Increases in reti- 
culocytes and ei'ythrocytes were noted in normal subjects 
and in anaemia due to haemorrhage and infeetion. 
The authors suggest that cobalt acts as a' stimulus to 
erythropoiesis and indirectly affects the formation of 
haemoglobin. Cobalt is a toxic substance, and minor _ 
effects arc described after the oral or intravenous adminis- 
tration of small doses. 


Genuine Aplastic Anaemia with Complete Absence of 
Erythroblasts. (Uber cine isolierte aplastischc Aniimic 
mit vollstandigcm Fehlcn derErythroblasten.(Erythro- 
blastophthise.)) Begemann, H. (1947).' Klin. iVsehr., 
24/25, 850. 

The author describes the incidence in a man aged 59 
of a rare disorder — ^primary aplastic anaemia afl'ceting 
erythropoiesis only. The formation of leucocytes and 
platelets was unaffected. 
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The Development and Progression of Subacute Combined 
Degeneration of tbc Spinal Cord in Patients with 
Pernicious Anemia Treated with Sjmthetic Pteroyl- 
glutamic (Folic) Acid. Ross, J. F., Belding, H., and 
Paegel, B. L. (1948). Blood, 3, 68. 

The authors describe the development and progression 
of subacute combined degeneration of the cord in 1 1 of 
25 patients maintained in satisfactory haematological 
remission with oral folic acid. The possibility that folic 
acid has actually a deleterious effect on the nervous 
sv'stcm is discussed. 

Changes in the Bone Marrow in Megaloblastic Anemias of 
Infancy Before and After Folic Acid Therapy. Zuelzer, 
W. W., Newhall, a., and Hutaff, L. (1947). J.Lab. 
din. Med., 32, 1217.- 

-The authors studied the bone marrows of 15 children 
suffering from the megaloblastic anaemia of infancy. In 
some a primitive megaloblastic picture was seen, in 
others a less typical picture with cells intermediate in 
appearance between megaloblasts and normoblasts. In 
those cases with a typical megaloblastic marrow inter- 
mediate types were conspicuous for a day or two after 
folic-acid therapy and were then themselves replaced by 
normoblasts. This paper should be read by all interested 
in megaloblasts. 

Refractory Megaloblastic Anemia. Davidson, L. S. P. 
(1948). Blood, 3, 107. 

The author describes cases of anaemia with megalo- 
blastic ' marrows partially or completely refractory to 
• parenteral liver therapy. Some were e.xamples of 
anaemia associated with sprue, pregnancy, or malnutri- 
tion, In 25 patients.no cause was obvious. Ten of these 
responded slowly to numerous injections of liver e.xtracl 
and blood. transfusions, the rest to proteolysed liver or 
folic acid. The superior value of oral as contrasted with 
parenteral liver in the treatment of refractory patients is 
discussed. 

Experimental Study on the Localization of Oistle’s 
Intrinsic Factor in the Human Stomach. Antianemic 
Effect of Powdered Human Fundus and Pylorus. 
Landboe-Christensen, E., and Plum, C. M. (1948). 
Amer. J. ined. Sci., 215, 17. 

Extracts of the fundus of human stomachs were more 
effective in treating pernicious anaemia than were 
extracts of the pyloric region. In the case of the hog the 
reverse is true. 

Acute HcmoIj'tic .Anemia in Primary AtsTiical Pneumonia 
Produced by Exposure and Chilling. Colmers, R. A., 
and Snantly, J. G. (1947). New Engl. J. Med., 237, 
505. 

Anaemia rapidly developed in a woman with clinicml 
and radiological signs of primary atypical pneumonia. 
A cold-acclutinin was present, titre I ; 1280 at 7' C., but 
still actire (titre 1 : 5) at 37^ C. This was thought to be 
responsible for the anaemia. 

A New Antibody in Serum of Patients with Acquired 
Hemolvlic Anemia. Sturgeon, P. (1947). Science, 
106, 293. 

The authors claim to have demonstrated by means of 
the “indirect Coombs’ Test” an antibody free in the 
sera of three patients with acquired haemolytic anaemia. 


a distinctly unusual finding. In one case the titre of 
antibody was 1 : 4,000. The antibody could be eluted 
off the patient’s red cells by incubating them at tempera- 
tures between 37" C. and 56° C. 

The Cryptogenic Acquired Haemolytic Anaemias. Fisher, 
J. A. (1947). Quart. J. Med., 16, 245. 

This is mainly a clinical review of 18 cases, in 4 of 
whom liver dysfunction was'presenL The results of 
splenectomy and of transfusions are considered. 

Determination of Haemoglobin. II. The Haldane Haemo- 
globin Standard Compared with Iron and Gasometric 
Estimations. King, E. J., Gilchrist, M., Wooton, 
I. D. P., Donaldson, R., Sisson, R. B., MacFarlane, 
R. G., JoPE, H. M., O’Brien, J..R. P., Peterson, J. Mi, 
and Strangevvays, D. H. (1947). Lancet, 2, 789. 

As a result of thorough large-scale investigations it 
has been found that the Haldane colour standard of 
British Standards Institution specification corresponds 
to 14.8 g. Hb. per ItX) ml. of blood. If this figure is 
accepted, the supposed differences in the normal haemo- 
globin range between Britain and .America as suggested 
by pre-war surveys can be explained. In reality, no 
differences probably exist. ■ ' . 

Effect of p-Chlorethylamine Hydrochlorides in Leukaemia, 
Hodgkin’s Disease, and Polycythaemia Vera. Report- 
on Eighteen Cases. Wilkinson, J. F., and Fletcher, 
F. (1947). Lancet, 2, 540. 

Eleven patients with chronic leukaemia, four With 
Hodgkin’s disease, and three with polycythaemia vera 
were studied. There was a satisfactory reduction in the; 
leucocyte level, splenomegaly, and lymph-adenopathy in 
the leukaemias, but in only 5 patients any rise in haemo- 
globin level. A striking improvement resulted in 3 of 
the 4 patients with Hodgkin’s disease, but only 1 of the 
cases of polycythaemia showed any improvement. 
Except possibly in Hodgkin’s disease, these dangerous 
and toxic compounds do not seem to have any advantage 
over .r-ray therapy. 

Familial Idiopathic Mcthacmoglobinaemia. . Five Cases 
in One Family. Gibson, Q. H., and H.-vrrison, D. C. 
(1947). Lancet, 2, 941. 

Quantitative estimations of mcthaemoglobin gave 
figures of 1.9 to 5.1 g. per 100 ml. blood in the five 
affected subjects. Treatment with methylene blue 
reduced these figures to 0.1 to 1.3 g. per 100 ml. It is 
thought that deficiency ofeoenzv-me factor I is responsible 
for the presence of methaemoglobin, and that all the red 
cells contain a proportion of -this pigment. Methylene 
blue is considered to catalyse the enzymic reduction of 
methaemoglobin. 

The Relating O, in Bone Marrow Blood to Post-haemorr- 
hagic Erythropoiesis. Grant, W. C., and Root, W. S. 
(1947). Amer. J. Physiol., 150, 618. 

Reduced oxygen tension has been held to be a stimulus 
for increased cryihropoicsis. A single large haemorrhage 
resulted in a transient reduction in oxygen tension in the 
blood from the humerus of dogs, but repeated small 
haemorrhages were without effect. Both procedures 
were equally effective as stimuli of erythropoiesis. The 
authors experiments thus suggest that anoxia has no 
direct stimulatory action on the bone marrow. 
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RajTiaud’s Syndrome Originating from Reversible Precipi- 
tation of Protein. (Jn English.) Hansen, P. F., and 
Faber, M. (1947). Acta iiied. scand., 129, 81. 

The authors describe the onset of Raynaud’s syndrome 
due apparently to the presence of an abnormal plasma 
euglobulin which was reversibly precipitated by cold. 
Multiple arterial embolisms were thus produced. The 
circulation could be restarted by applying warmth. The 
pathological diagnosis was aleukacmic plasma-cell 
leukaemia. 

Some Investigations of Erythropoiesis in Human Bone- 
marrow Cultivated in Various Media. (In English.) 
Plum, C. M. (1947). Acta physiol, scand., 14, 383. 

This paper deals with the cultivation of aspirated 
normal and pathological bone marrow in Locke’s solu- 
tion with additions of serum, liver extract, folic acid, etc. 
It should be read by all interested. 

Cold Hemagglutinins in Sickle -Cell Anemia. 
McSweenev, J. E. J., Mermann, A. C., and Waglev, 
P. F. (1947). Anwr. J. med. Sci., 214, 542. 

Sixty per cent of sera from 30 cases of sickle-cell 
anaemia contained cold agglutinins at a titre > 1 : 40; 
in 36% the titre was > 1 : 80. Three out of 30 control 
sera contained cold agglutinins of litre 1 : 40. 

The Prozone Phenomenon in Rh Blocking Scrums. 
Hattersley, P. G., and Fawcett, M. L. (1947). 
Ainer, J. din. Path., 17, 695. 

A high degree of immunization is reported in 3 cases 
where a marked prozone prevented the recognition of 
hyperimmune or incomplete antibody by a single-tube 
technique, even when the test cells were suspended in 30% 
bovine albumin. Investigation of the causes of zone 
phenomena elicited the following facts. The zones were 
relatively unaffected by: (1) variation in cell concentra- 
tion; (2) speed of centrifuging; (3) presence or absence 
of complement. They were influenced by: (1) tempera- 
ture of incubation (prozone was most marked at 37° C, 
weak or absent at room temperature) ; (2) time of incuba- 
tion prozone increased with prolonged incubation. 
The authors concluded that sera should never be heated, 
and that the bovine albumin test of Diamond and 
Denton (/. Lab. din. Med., 1945, 30, 821) can be improved 
by centrifuging both immediately before and after incuba- 
tion, the cell deposits being examined microscopically 
after each spinning. (Sera from cases with such sugges- 
tive histories should be examined by the indirect sensitiza- 
tion test of Coombs and others.) Pohn Murray. 

Studies on the Conglutination Reaction, with Special 
Reference to the Nature of Conglutinin. Wiener, A. S., 
Hurst, J. G., and Sonn-Gordon, E. B. (1947). J. 
exp. Med., 86, 267. 

The authors have tested various blood-protein- 
containing preparations for their power of agglutinating 
Rh'positive cells which have absorbed incomplete Rh 
antibody. Albumin, fibrinogen, and ^-globulin make up 
conglutinin, or X-protein. One part of albumin added 
to 5 parts of human plasma notably increases the con- 
glutination activity of the latter. 

The conglutinin titre of foetal blood is low, but 
quickly increases after birth. Wiener recommends 
removing part of the donor’s plasma before exchange 
transfusions so as to reduce its conglutinin content. 


Haemolytic Icterus (with Special Reference to its Patho- 
genesis). (Icterus haemolylicus. Med saerlig henblikk 
pa patogenesen.) Owren, P. A. (1947). Tidsskr. 
norske Laegeforen, 67, 665. 

The author reports interesting serial blood and bone 
marrow findings which suggest that in familial haemolytic 
icterus the “haemolytic crises” arc due to temporary 
marrow aplasia rather than to increased haemolysis (see 
also Blood, 1948,3,231). The mechanisms of erythrocyte 
destruction in the familial and acquired types of haemoly- 
tic anaemia are also considered and contrasted. 

Erythropoiesis in Chronic Erythroblastosis in Adiilts. 
(L'crythropoi6sc dans Ics erythroblastoses chroniques 
dc I’adulte.) Olmer, J., and Gastaut, H. (1947). 
Ann. Med., 48, 458. 

This interesting, obscure, and not very uncomriion 
disorder is generally referred to in British and American 
literature as myelosclerosis or chronic non-lcukaemic 
myelosis. Anaemia, crythroblastacmia with some primi- 
tive granulocytes, a greatly enlarged spleen, moderate , 
enlargement of the liver, and an atrophic or fibrotic 
marrow are the main characteristics. Its course is a 
prolonged one. 

Studies in Erythroblastosis Fetalis. I. Activation of the . 
Incomplete Rh Antibody by the Blood Scrum of Full- 
term and Premature Newborn Infants. Witebsky, E., 
Rubin, M. I., and Blum, L. (1947). J. Lab. din. Med., 
32, 1330. 

Studies in Erythroblastosis Fetalis. II. Investigations on 
the Detection of Sensitization of the Red Blood Cells of 
Newborn Infants with Erythroblastosis Fetalis. Withb- 
SKY, E., Rubin, M. I., Engasser, L. M., and Blum, L. 
(1947). J. Lab. din. Med., 32, 1339. 

The authors have found that cord sera from newborn 
infants and in particular from premature fnfants are 
generally much less active than the sera of adults in 
causing agglutination of Rh-positive cells which have 
been subjected to “incomplete” or blocking Rli antibody. 
The sera of infants 24 to 48 hours old were more active 
than cord sera. It is suggested that this increase in 
serum activity developing after birth may be connected 
with the delayed post-natal onset of haemolysis sometimes 
observed in haemolytic disease of the newborn. ■ - 

In the second paper the authors recommend suspending 
the cells suspected of sensitization in adult serum, 
preferably on a tile. 

Breast-feeding in Erjlhroblastosis Foetalis. Cathie, 
I. A, B. (1947). Brit. med. J., 2, 650. 

The author has demonstrated that Rh antibody in 
scrum is not destroyed by 1 hour’s incubation in infant's 
gastric juice. However, there was no evidence of any 
absorption when breast milk containing antibodies or 
high-titre Rh anti-serum was fed to Rh-positive infants 
or to an adult. It is concluded that it is safe and justi- 
fiable to breast-feed infants with haemolytic disease of the 
newborn even if the mothers’ milk contains Rh anti- 
bodies. 

Multiple Myeloma. A Survey Based on Thirty-five Cases, 
Eighteen of which came to Autopsy. Lichtenstein, L., 
and Jaffe, H. L. (1947). Arch. Path., Chicago, 44, 
207. . '• 

In this review clinical, biochemical, haematological, 
and pathological features are considered. In half the 
cases serum calcium is raised. Calcium granules are 
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deposited in the kidneys and renal failure may follow. 
Secondary’ hyiserplasia of the parathyroids may develop, 
but was not seen in this series. Hyi^rproteinaemia, and 
more specifically hyperglobulinaemia, is seen in about 
half of the cases. Bence-Jones proteinuria was present 
in 10 of 26 cases; it is vep' variable in quantity and 
occurrence. ’The serum uric acid, as in leukaernia, is 
increased. Amyloid is mentioned as a complication in 
10% of cases, and the disease is considered to be related 
to -the leukaemias. The plasma cells, which s’arj' in 
maturity, are thought to be abnormal neoplastic haematic 
cells. 


MORBID ANATOMl" AND HISTOLOGY 

Cranial Trauma and Extrapyxaraidal Involvement : 
Cerebral Changes Simulating Those of Anoxia. A 
Clinico-pathologic Report of Three Cases. MALA.sruD, 
N., and Haymaker, W. (1947). J. Neuropath, exp. 
Neurol., 6, 217. 

Three cases of head injury are described in which the 
chief lesions were in the lenticular nuclei. In 1 case 
there was also softening of the substantia nigra and 
pseudo-laminar cortical necrosis, and most of the 
Purkinje cells of the cerebellum had disappeared. Cessa- 
tion of respiration during anaesthesia for reduction of 
fractures may have been a causative factor in this case. 
Fat embolism was not found. The authors suggest that 
similar ano-ric lesions may be the basis of cases of post- 
traumatic Parkinsonism. J. G. Greenfield. 

The Use of the Smear Technique in the Rapid Histological 
Diagnosis of Tumors of the Central Nervous System. 
Description of a New Staining Method. Morris, A. A. 
(1947). J. Neurosurg., 4, 497. 

■fhe author reports favourably on the use of a special 
eosin-methylene-blue staining technique for the rapid 
diagnosis of cerebral tumours by the smear biopsy 
method. (For details of the technique, which is not his 
own, the author’s original article should be consulted.) 
By this technique smears can be e.xamined under the 
microscope within 30 to 40 seconds of being made. The 
author has used the technique in a series of 1 16 tumours 
of the central nervous system. He considers the method 
of great value, although it can, at best, give only a 
presumptive diagnosis, which should be confirmed 
whenever possible by routine histological techniques. 

J. G. Greenfield. 

Positive and Negative Aspects of Hypothalamic Disorders. 
(In English.) Brouwer, B. (1947). Proc. Akad. iVet. 
A/nst., 50, 1038. 

Ten cases with symptoms attributable to lesions of 
the hypothalamus were compared with experimental 
hypothalamic lesions. Discrepancies were found in all 
ty^s of lesion. Three cases of diabetes insipidus showed 
bilateral destruction of the supra-optic nuclei as was 
exp^ted from the experimental work, but one case with 
similar destruction did not have diabetes insipidus. All 
the other expected lesions are discussed. 

Primitive Malignant Tumours of the Nose and Pharynx. 
(Primitive maligne Geschwulste der Nasenund Rach- 
engegend.) LOdin, M. (1947). Prat, oto-rhino-laryng., 
Basel, 9, 148, 

The author discusses the literature on those tumours 
most often found in the nasopharynx or oropharynx 


which invade the lymph nodes early and produce distant 
metastases. Because of the frequent findings of an 
epithelial syncytium, in the meshes of which are embedded 
masses of rounded cells, these tumours have been des- 
cribed as carcino-sarcomata, lympho-epitheliomata, and 
reticulo-cell sarcomata. The prevailing tendency is to 
consider these embryonal tumours as sarcomata. Some 
resemble undifferentiated carcinomata, others lympho- 
sarcomata, and a third group are so primitive that no 
distinction between epethelial or mesenchymatous tissue 
is possible. 

The clinical notes and detailed histology of 21 cases are 
given. The author considers that those which can with 
certainty be said to arise from epithelium may be called 
carcinomata, and those which can be said to arise from a 
mesenchymal matrix may be called sarcomata, but that 
the primitive undifferentiated tumours should be called 
“meristomata.” Stephen Stiggit. 

The Histology of the Irradiated Larynx. Pricolo, V., 
and PizzETTi, F. (1947). Radiolog. med., Torino, 33. 
586. 

The authors find that many of the vascular and carti- 
laginous changes previously attributed to irradiation of 
this region are to be found in normal specimens between 
the ages of 30 and 50. Comparison of controls with 
non-irradiated and irradiated carcinomatous larynges 
shows that the only effect attributable to .v-rays is 
round-celled infiltration of the mucosa and sub^mucosa. 

Primary Carcinoma of the Trachea. Ellman, P., and 
Whettaker, H. (1947). Thorax, 2, 153. 

The authors summariae and discuss the literature on 
tracheal tumours and describe a case shown at necropsy 
to be one of carcinoma of the trachea. The patient 
complained of hoarseness, largely due to recurrent 
laryngeal palsy, and had signs deriving from transient 
collapse of the lower lobe of the left lung. The tumour 
arose on the posterior wall of the trachea in its lower 
third. Part of the growth, nearly 2 cm. in diameter, 
projected into the lumen ; a much larger mass, measuring 
some 5 •• 3 cm., extended into the mediastinum. Para- 
tracheal glands and those at the bifurcation of the trachea 
were involved by metastases, but no other spread of the 
tumour was found. Section of the growth showed it to 
be a squaraous-cellcd cardnoma. 

IV. D. IV. Brooks. 

An Unusual Hamartoma (So-called Chondroma of the 
Lung). Si.vtON, M. A., and Ballon, H. C. (1947). 
J. thorac. Stirg., 16, 379. 

So-called chondromata of the lung are not pure 
cartilaginous tumours but contain mixtures of elements 
normally encountered in the bronchial wall and are 
therefore more properly referred to as hamartomata or 
hamanoma chondromatosum pulmonis. Such a tumour 
is usually coniidered benign and slow-growing. It may, 
however, undergo malignant change. The tumour here 
described is unusual because of its enormous size and 
the fact that it caused sv-mploms and radiologicallv 
simulated bronchiogenic cardnoma. 

, George A. Sfason. 

The Myoepithelium in Certain Tumours of the Breast. 
BiGCS. R. (1947). J. Path. Bact., 59, 437, 

The author describes examples of various neoplastic 
and hv-perplastic lesions of the human and canine brean 
in which she believes myoepithelial cells to be d-mon- 
strablc. 
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Is the Brenner Tumour ahvays a Benign Neoplasm? (1st 

der Brenner-tumor immer cine gutartige Ncubildung?) 

Dubrauszky, V., and Massenbach, W. von (1947). 

Zbl. Gynak., 69, 370. 

The authors believe that the Brenner tumour originates 
from the coelomic epithelium, and that some of the solid 
carcinomata and cystic adenocarcinomata of the ovary 
may originate in a Brenner tumour. They describe the 
tumour from a woman aged 70, in which the medullary 
part of, the tumour, as distinguished from the cystic 
portions, showed definite signs of malignancy, and the 
transition from benign to malignant epithelium could be 
followed. The Brenner tumour does not produce any 
oestrogenic hormone, and bleeding in tliis case was 
caused by a polypoid hyperplasia of the endometrium. 
This would appear to be the first described case of a 
definitely malignant Brenner tumour. 

Composition and Structure of the Liver Cell in Pregnancy. 

Kosterlitz, H. W., and Campbell, R. M. (1947). 

Nature, Land., 150, 676. 

The desoxyribonucleic-acid content of the liver of 
pregnant rats was shown to be significantly increased by 
the third week of gestation and was greater than could 
be accounted for by the increase in maternal body weight. 
The total amount was related to the sum of maternal 
and foetal body weights and was independent of the diet. 
A specific rise of 40 to 45% in the ratio of ribonucleic to 
desoxyribonucleic acids also occurred; this was not due 
to dietary changes during pregnancy and was correlated 
with foetal body weight. The increased ribonucleic-acid 
content was particularly apparent in the periportal area. 
Glycogen content of the liver was much decreased. 

/. Damon. 

Glycogen Formation and Deposition in the Human Liver. 

(Ober Glykogcnbildung und Glykogcnablagerung in 

der menschlichen Leber.) Eger, W., and Klarner, G. 

(1948). Virchows Arch., 315, 135. 

Estimation of glycogen in the liver in 250 necropsies, 
1 9 of them performed on subjects who had died suddenly 
(“normal cases”), and the rest on subjects who had died 
after illness of longer duration, was carried out by 
Pfliiger’s method. The values were calculated in terms 
of wet weight, dry weight, or “dry protein weight”— 
that is, dry weight minus fat and glycogen. The values 
for glycogen were higher in “normal cases,” averaging 
7.09% against 2.04% of dry weight in the other cases. 
No antagonism was found between the quantities of fat 
and glycogen. The results of histological estimation by 
the methods of Bauer and Best were not in accord with 
the chemical determinations. In “normal cases” the 
glycogen is located in tfie central parts of the lobules. 
Deposition in the periphery of the lobules and in the 
nuclei is explained as a sign of damaged function of the 
liver. It is suggested that glycogen is normally built 
up in the nucleus, then goes into the body of the cell for 
storage ; this hypothesis would be in accordance with the 
fact that livers rich in glycogen contain more uric acid 
(3,232 mg. per 100 g. of dry protein weight against 
1,437 mg.). O. Neuboucr. 

Gaucher's Disease Without Splenomegaly. Morgans, 
M. E. (1947). Lancet, 2, 576. 

A family affected by Gaucher's disease is described. 
In the father the diagnosis was first made when he was 
67 years old; sternal puncture revealed Gaucher cells 


and radiographs showed translucent areas in bone. 
There was enlargement of the liver, but the spleen was 
not palpable. Two of his 3 children, a man aged 23 
and a girl aged 14, had radiological evidence of the 
disease, and in the third child, a boy aged 12, the radi- 
ological appearances were not conclusive. The family 
history indicated that the disease may have occurred in 
the two previous generations. The series is remarkable 
in three ways: the absence of splenomegaly, the appear- 
ance of the disease in successive generations, and the 
survival of 1 patient in active life to a good age. 

K. Black. 

The Hepatitis of Hyperthermia. Report of a Fatal Case. 
Bragdon, J. H. (1947). New Engl. J. Med., 237, 765. 

A fatal case of hepatitis and hepato-rcnal syndrome is 
described in a patient suffering from sulphonamidc- 
resistant gonorrhoea who was treated by artificial fever. 
The pathogenesis is discussed. 

Gelatin Nephrosis. Renal Tissue Changes in Man 
Resulting from the Intravenous Administration of 
Gelatin. Skinsnes, O. K. (1947). Siirg. Gvnec. Obsteti, 
85, 563. 

The author has studied the effects of gelatin given 
intravenously in 8% saline as a treatment for peripheral 
vascular collapse; 23 patients so treated came to nec- 
ropsy, most of tlicm having been treated surgically for 
malignant disease within the abdomen. The kidneys 
affected by gelatin were swollen and the cut surfaces 
bulged. Microscopieally the kidneys were found to be 
the seat of a change similar to the nephrosis caused by- 
sucrose. The most important single factor related to 
these Changes was the time interval between gelatin 
administration and death. All patients examined within 
67 hours of their last gelatin injection showed gelatin 
nephrosis; in patients who died more than 120 hours 
after the last gelatin injection these changes were not 
seen. 7. Aird. 

Zinc Sulphate Flotation of Faeces. Elsdon-Dew, R. 
(1947). Trans. R. Soc. trap. Med. Hyg., 41, 213. 

The zinc sulphate flotation technique for the con- 
centration of ova and cysts in faeces (Faust ct ak, 1938) 
is described. 

In 1,539 specimens, mostly from cases of suspected 
amoebiasis, this technique was compared with a direct 
faecal film. A considerable increase in positive -results 
was obtained with most intestinal parasites and protozoal 
cysts. Thus, with Entamoeba histolytica, Bact. coll, 
E. nana, and lodamoeba biitschlii, the ratio 

percentage positive results with flotation technique 
percentage positive results with direct film 
was 175.5, 170.6, 315.2, and 577.8 respectively; with 
Giardia lamblia and Choloinasti.x tnesnUi, 500, and 300; 
with Ascaris Itnnhricoidcs, Trichuris trichura, and Ancylo- 
stoma, 122.8, 201.9, and 538.2. The ova oH Taenia and 
Schistosoma mansoni did not float well, but could often 
be found in the sediment after the final spinning. This 
method should only be used, however, as an adjunct to 
the direct film examination, which reveals the tropho- 
zoites in addition. J. L. Markson. 

Thrombosis of the Hepatic Veins. The Biidd-Chiari 
Syndrome. Thompson, R. B. (1947). Arch, intern. 
Med., 80, 602. 

The author reviews 95 cases of thrombosis of the 
hepatic veins collected from the literature and reports a 
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further 2 cases. He suggests that the term “Budd- 
Chiari sjTidrome” should be resen ed for cases in which 
there is evidence of gross blockage of the hepatic veins; 
cases without such evidence should be classified as 
“thrombosis of hepatic veins.” 

In both groups there were three main sites of obstruc- 
tion: the hepatic veins, their ostia, and the inferior vena 
cava. Severe venous engorgement in the acute stage 
resulted in central lobufar necrosis. Later cirrhotic 
changes and nodular hype'rplasia were common. Portal 
thrombosis was .rare and usually a terminal event. 
Venous engorgement, severe in the spleen and of varying 
degree in the intestines, was usually found. The age 
incidence varied from 17 months to 61 years, the average 
being 34. Males were affected more often than females. 
There were 8 cases of polycvlhaemia rubra vera and 4 
pregnant women. A probable cause was phlebitis of the 
hepatic veins, which may be part of a more generalized 
vascular disease.' In the full picture epigastric pain of 
van'able severity was usually the initial symptom. 
Vomiting occurred in about a quarter of the cases and was 
severest at the onset. Ascites and marked hepatic 
enlargement .were usual. The liver was generally tender. 
Splem'c enlargement was much less frequent. The 
development of venous collaterals was one of the most 
important signs. Oedema of the le^ developed in about 
half the cases. Jaundice was slight or latent. The 
author suggests that the diagnosis of minor thronibosis 
should be kept in mind in cases of obscure pain in the 
upper abdomen, especially where there is evidence of 
liver damage.- As a rule the disease was of short duration 
but in a small group it lasted for 10 to 28 years. Of 9 
patients who undenvent operation, 8 died soon after- 
wards. J. B. Mitchell. 

Pathologic Significance of the Ductus Arteriosus. Its 
Relation to the Process of Arteriosclerosis. Blumen- 
thal, L. S. (1947). Arch. Path., 44, 372. 

The histological changes asscxriated with closure of the 
ductus arteriosus range from replacement of the normal 
smooth muscle by fibrous tissue to formation of localized 
areas of necrosis. It is suggested that these changes are 
the result ofanoxic conditions produced by the contrac- 
tion of smooth muscle of the wall of the ductus. These 
changes are discussed in relation to the wider problem of 
arteriosclerosis' and to the possibility that Icxalized 
anoxaemia is the fundamental mechanism in both 
processes. (There is a useful bibliography.) 

R. k. D. Short. 

Cholesterol Crj’Sfal Embolism of Minor Organ Arteries 
and its Consequences. (Cholesterinkrystallembolie 
kleinerOrganarterien and ihre Folgen.) Meyer, W. \V. 
(1947). Virchows Arch., 314, 616. 

A new form of embolism — embolic transport of 
cholesterol crystals from atheromatous ulcers of the 
aorta into small arteries of different organs — is described. 
The crystals are easily detected in the lumen of arteries 
of kidneys, brain, and meninges in frozen sections. 
Two cases are reported in detail. The embolized 
cholesterol crystals lead to a particular form of arteritis 
with numerous giant cells, and later to obliteration of the 
arteries, with subsequent changes in the tissues, such as 
scars on the surface of the kidnej’s and circumscn'bcd 
softening of the brain. O. Nciibaucr. 

Pulmonary Embolism by Amniolic Fluid. Report of 3 
Cases vrith a New Diagnostic Procedure. Gross, P., 
and Benz, E. J. (1947). Surg- Gyr.cc. Obstet., 85, 315. 


Three new cases are presented of a rarely described 
form of embolism, due to -amriiotic fluid. Previously 
12 cases have been described. In all cases the diagnosis 
has been made at necropsy, generally after histological 
examination. 

Summary of the necropsy findings shows death to 
have been asphyxial without gross lesions. ■ The diagnosis 
is made by finding emboli rich in polymorphonuclear- 
leucocytes, mucin, bilfi-stained debris (meconium), 
epithelial squamae, lanugo hair, and granular debris 
with or without fatty elements in histological preparations 
of the arten'es, arterioles, and capillan'es of the lungs. 
Blood from the n’ght heart or the infen'or vena cava 
(which may be obtained when permission for necropsy 
is withheld) may show three strata (instead of two) after 
centrifugation. The presence of the third (top) layer is 
considered pathognomom’c. The top layer is separated. 
After fixation in alcohol, Zenker’s fluid, and formol, 
sections stained by mucicarmine and Mallory’s phospho- 
tungstic acid and haematoxylin are prepared. Consti- 
tuents of meconium and amniotic fluid are demonstrable. 

In these 3 cases (all in multiparae) severe post-partum 
(1 intra-partum) irreversible shock was followed by death 
within 65 minutes. No case could be classified as one of 
difficult labour. Routine aspiration of blood (see above) 
should be undertaken in all obstetric deaths. (Infant 
weights are not recorded.) Magnus Haines. 

Primary Hypertrophy and Hyperplasia of the Parathyroid 
Glands as a Cause of HjperparathvToidism. Rogers, 
H. M., and Keating, F. R. (1947).' Amer. J. Med.,2, 
384. 

The authors review 22 cases from the literature and 
add 4 from the Mayo Qinic. On analysis there appears 
to be some curious connexion between, hvperparathv- 
roidism and duodenal ulcer; this lesion was present in 
3 of the 4 cases here reported; and the authors have 
noted the co-existence of duodenal ulcer in approximately 
one-third of all the patients with hyperparathyroidism 
seen at the Mayo Clinic. They slate that “this association 
seems too frequent to be coincidence but one can onh 
conjecture as to its meaning.” 

The Intesfuial Phase of Human Trichinos’is. Stryker,' 
W. A. (1947). Amer. J. Path., 23, 819. 

Living adult trichinae, including gravid females, were 
demonstrated in the intestine of a fatal case of human 
trichiniasis 54 days after ingestion of infected pork — the- 
longest period of persistence of adult trichinae in the 
human intestine thus far reported. The possibilitv of 
continued release of larvae over an even longer pen'od 
must be taken into account in the therapeutic manage- 
ment of trichiniasis. 

Endemic (Murine) Typhus. Report of Autopsy Findings 
in Three Cases. Binford, C. H., and Ecker, H. D. 
(1947). Amer. J. din. Path., 17, 797. 

The authors give a detailed description of 3 fatal cases 
of endemic typhus. An acute interstitial myocarditis, 
with mononuclear and plasma-cell infiltration but with 
no apparent damage to the cardiac muscle fibres, was 
present in all, and was probably a major factor contri- 
buting to death. In 2 cases there was severe interstitial 
orchitis, and in 1 case skin lesions, closely resembling 
those found in epidemic typhus, showed a ccllubr peri- 
vascular infiltraU'on with oedema and obliteration of 
several vessels by inflammatory cells or bv thrombi 
No typical typhus lesions were found in b.-ain or lu-'gs’ 
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Comparative Morphological Investigations on tliq. Mam- 
mary Glands of Mice of Different Origin. Invcstig.*!- 
tions Concerning the Morphological Test of the So- 
Called Milk Factor. (In Russian.) Pogosyants, E. E. 
(1947). ArkU. Patok, 9, No. 2, 64. 

Experiments were carried out to devise a morphological 
test for the so-called milk factor. Mammary glands 
were examined by the whole mount technique in in-bred 
strains of varying incidence of breast cancer and the 
results confirmed the findings of other workers on the 
differences in structure in mammary glands between high 
and low breast cancer strains manifested by greater 
alveolar proliferation with nodules on hyperplastic 
tissue. In addition, 35 low-incidence strains received 
the milk factor whilst 5 to 25 days old, and 10 of these 
developed breast tumours; 14 receiving the extract when 
30 to 45 days old did not develop tumours. The author 
concludes that the morphological examination of 
mammary glands of mice by the whole mount technique 


is a satisfactory test for the presence of the milk factor 
in breeding females not less than 6 months old. 

The Antigenic Relationship of Lymphogranuloma Vener- 
eum and Psittacosis by Skin Test in Humans. Pollard, 
M., and Witka, T. M. (1947). Tex. Rep. Biol. Med., 
5, 288. 

A psittacosis antigen suitable for carrying out skin 
tests was prepared, and tests were carried out with this 
antigen and with lygranum on patients with venereal 
disease in an army hospital. All S confirmed cases of 
lymphogranuloma venereum gave a severe reaction to 
the psittacosis antigen;' 6 suspected cases, of which 2 
were confirmed serologically, gave indefinite reactions; 
while 5 cases of penile ulcer, 8 cases of syphilis, and 3 
suspected cases of syphilis were negative to both skin 
antigens. ‘ Lymphogranuloma venereum and psittacosis 
thus show an antigenic relation in the skin test, and this 
test is evidently not suitable for diagnosis when there is 
any possibility of the diseases co-existing. D. J. Bauer. 
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THE ERRORS OF SOME HAEMATOLOGICAL 
METHODS AS THEY ARE USED IN A- 
ROUTINE LABORATORY 

BY 

ROSEMARY BIGGS AND R. L. MACMILLAN 
From the Department oi Pathology. The Radcliffe Infirmary, Oxford 

* (RECEIVED FOR PUBLICATIOM. JUNE 25, 1948) 


The quantitative measurements made in a 
haematological laboratory assess the magnitude of 
deviations from the normal, and successive read- 
ings indicate either the response to treatment or 
the natural progress of the disease. These figures 
can be of little value unless the range of chance 
variation that several laboratory workers may 
record in one blood sample is less than the differ- 
ence that the clinician requires to distinguish. It 
has been usual for the standard of precis'on of a 
method to be set by one expert, whose results, 
syhile measuring the minimum error, may bear 
little relation to ordinary routine practice. In 
the present study an attempt was made to assess 
the errors of some common haematological 
methods as they are used as a routine in labora- 
tories. Those taking part in the experiments were 
laboratory technicians and doctors of average 
skill, who carried out the investigations careful'.y ; 
any gross technical inaccuracies can be excluded. 
It was hoped that the experiments might suggest 
which techniques were likely to give the most 
generally reliable results. TTie methods studied 
were ; haemoglobin estimation, red cell count, and 
haematocrit, from which the errors of the colour 
index, mean corpuscular volume, and mean 
corppscular haemoglobin concentration could be 
calculated. Other methods included were the 
mean cell diameter derived from the Price-Jones 
cur\’e, reticulocyte count, platelet count, whole 
blood coagulation, and red cell fragility. The 
white cell count was not considered because, since 
the work of Berkson and others (1935, 1940) it is 
widely recognized that this investigation has a 
large error. 


Technique* 

Red cell counts. — ^These were made by diluting the 
blood in Haye.n’s fluid to 1/200 and counting eighty 
small squares in a Neubauer counting-chamber. 

Haemoglobin. — ^This was estimated by two methods : 

1. The Haldane method, using a standard cali- • 
brated by the National Physical Laboratory. The 
tubes were matched against a uniformly illuminated 
screen. 14.7 g. haemoglobin were taken to represent 
100 per cent (King and others, 1947). 

2. A neutral grey photometer method using an 
instrument designed by Duffie (1945). In this method 
0.02 ml. of blood was pipetted into approximately 
2 ml. of distilled water in a cylindrical tube of 
standard diameter. The oxyhaemoglobin content was 
measured in terms of the optical density of the solu- 
tion in comparison with a neutral grey wedge cali- 
brated in grammes of haemoglobin, 14.7 g. being taken 
to represent 100 per cent 

Packed cell volume. — This was measured in Win- 
irobe's tubes, using o.xalated venous blood in which 
the proportion of oxalate recommended by WTntrobe 
(1946) was used. 


Price-Jones curves.— -These were constructed using 
a projecting microscope and a high-power objective in 
a dry system giving a magnification on the screen of 
2,000. The cells were measured directly, and each 
mean cell diameter was recorded with no’ preliminary 
outlining in pencil. 


Platelets. — Platelets were counted by two methods ; 
T. Damesheks method (1932). In this method the 
platelets in capillary blood, stained with brilliant 
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cresyl blue, are counted with an oil irnmersion objec- 
tive in relation to 1,000 red cells and the total number 
of platelets are assessed from a separate red cell 
count. 

2. Lempert’s (1935) modification of Kristenson’s 
method. In this method the platc’.ets are counted 
directly in a counting chamber after dilution to 1/20 
•with a freshly prepared solution containing brilliant 
cresyl blue to render the platelets more readily visible, 
and uiea to haemolyse the red cells. 

Percentage of reticulocytes. — The counts were made 
by two methods : 

1. A drop of a saturated solution of brilliant cresyl 
blue in alcohol was allowed to dry on a perfectly 
clean slide, and a small drop of capillary blood 
collected on a clean coverslip was inverted over the 
dye to form a very thin film. The preparations were 
allowed to stand for half an hour for staining to occur. 

2. Five drops of a mixture of one part of a satu- 
rated solution of brilliant cresyl blue in alcohol, and 
4 parts 1.0 per cent sodium citrate in normal saline 
were 'placed in a small tube. To this was added one 
drop of blood. If these proportions are carefully 
observed the red cells will not crenate. The tubes 
were shaken and allowed to stand for twenty minutes 
at 37° C. The contents of the tubes were then 
thoroughly mixed, and films made on clean slides were 
stained with Leishman’s stain. In both methods the 
reticulocytes were clearly visible, but in the coverslip 
method it was not always easy to prepare films in 
which the red cells were suffipiently separated for them 
to be counted with accuracy. 

Whole blood coagulation. — This was measured by 
three methods: 

1. Lee and White (1913). Venous blood was 
collected in a paraffined syringe and 1 ml. placed in 
each of four small test tubes of uniform bore which 
were kept at 37° C. The coagulation time was 
measured from the time of filling the syringe. 

2. Dale and Laidlaw (1911-12). Small tubes of 
wide capillary bore, each containing a freely «mobile 
lead shot, were prepared. These were rapidly filled 
with capillary blood and, held by forceps, were 
immersed in water at 37’ C. The tube was inverted 
at intervals and the time at which the lead shot failed 
to move was recorded. 

3. Capillary blood was taken into a number of fine 
capillary tubes, the ends of which were then sealed 
with plasticine. The tubes were kept at 37° C. Pieces 
of tubing were broken off at intervals until a clot was 
withdrawn (Sabrazes, 1904). 

Rcd-cell fragility. — This was measured by a method 
similar to that of Dacic and Vaughan (1938). The 
saline' dilutions differing by 0.02 per cent were made 
up individually from sodium chloride dried to a con- 
stant weight, and each was tested with a standard 
silver nitrate solution. Heparin was used as anti- 
coagulant, the volume of plasma was adjusted to a 
normal haematocrit reading, and the blood was 


oxygenated immediately before, use. In the original 
technique the b’.ood was added to 1 ml. of each saline 
dilution from a dropping pipette ; in this experiment 
0.02 ml. amounts were measured with a scries of 
haemoglobin pipettes. After the tubes had stood in 
the refrigerator the degree of haemolysis was read 
against a set of dilutions from comp’.ctcly haemo- 
lysed blood made from each sample tested. 

Results 

The total errors for the methods studied, in 
terms of their standard deviations and eoefficients 
of variations, are shown in Table I.. 

The experiments were planned to separate by 
analysis of variance those components of error likely 
to be of importance in routine practice. Thus, for 
example in the red cell count, errors due to pipettes 
and counting-chambers and to differences between 
observers could be calculated. In ’ whole-blood 
coagu'ation on the other hand, where obscrk'crs are 
unlikely to disagree, differences between the order of 
taking the samples on one day and between samples 
taken on separate days were measured. 

The component errors (S,, S., S, . . .) are related to 
the total standard deviation (Sr) by the formula : 

ST" = S,=-fS/-l-S 3 ‘ (Formula 1) 

Any part of the total error not attributed to a specific 
factor was classed as random variation. 

Haemoglobin. — The errors inherent in estima- 
ting haemoglobin have been worked out with 
considerable care by Macfarlane (1945) and 
Macfarlane and others (1948). Our results 
confirm these more detailed. observations. 

In this experiment five observers each made 
ten readings both by the Haldane method and with 
the neutral grey photometer, using ten pipettes and 
a single sample of oxalated blood. From an 
analysis of variance the errors referable to the 
observers and the calibration of the pipettes, 
could be calculated. In addition the components 
of error due to reading the neutral grey photo- 
meter, the calibration, and the filling of the pipettes 
were determined in a series of separate experi- 
ments. The error of reading the photometer was 
measured by making twenty readings from one 
diluted sample of blood. The error caused by in- 
accuracy in filling the pipettes combined with the 
error of reading the photometer was estimated by 
filling one p'pette ten tim.es and reading the results 
on the photometer. The error due to calibration 
of pipettes together with those due to filling and 
to reading the photometer was assessed by filling 
ten different pipettes and reading the results on 
the photometer. From these observations the 
component errors could be calculated, using 
Formula (1). 
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Fig. I. — Histogram to show the distribution of individual 
readings for haemoglobin estimation by the Haldane 
method and using a neutral grey photometer. With 
each method five observers made ten estimations on 
one sample of venous blood using ten pipettes. 

Fig. 1 shows the distribution of the different 
values for the haemoglobin obtained by the five 
observers. In the Haldane method there was a 
wider dispersion of the readings than was shown 
by the neutral-grey photometer. In Table II the 
errors for the two methods obtained by analysis 
of variance are compared with each other and 
with those derived from the separate experiments. 
It will be seen that the greater precision of the 
neutral-grey photometer results from a reduction 
•n both random variation and the d.fferences be- 
tween observers.* In addition it will be seen that 
the random error of the analysis of variance for 
the photometer method, which necessarily includes 
that of filling pipettes, is entirely accounted for by 
this error, which was determined separately. Since 
the error of the observers and of reading the 
photometer are both of the order of 1 per cent, 
the error of the photometer method is probably 

•Since oniy fj\c observers look pan in the majority of the 
cxt»erirnents described, the obscr\-cr component ts seldom determined 
sviih great precision. 


approaching the minimum for haemoglobin deter- 
mination. ^ 

Red cell count. — ^The error of the red cell count 
has been the subject of much controversy. On the 
one' hand Berkson and others (1935, 1940) have 
shown that the minimum error is of the order of 
7.8 per cent, whereas other workers believe that far 
greater uniformity is possible. Wintrobe (1946) 
stated : “ In spite of the fact that statistical analysis 
indicates that the error in counting red cells may 
be as great as 16 per cent even in the hands of 
trained technicians, it will be found that, with 
practice, counts agreeing within 200,000 cells per 
c.mm. can be made.” Our results have favoured 
Berkson and others’ estirn^'te of the error, but it 
is also true that trained 'techm'cians can make 
counts that will agree within 200,000 cells. How- 
ever, this uniformitv' cannot be maintained if 
several skilled workers each make a series of inde- 
pendent counts. It will then be found that their 
mean values differ more widely than would be 
expected from chance variation (Biggs and Mac- 
Millan, p. 2SS of this issue). The ‘‘accuracj'” 
of the skilled haematological technician is a pro- 
duct of the method of training. It is usual to set 
a standard of agreement between repeat counts 
which must be achieved before a worker’s results 
are considered reliable. Since this standard is in- 
variably one that cannot be reached by accurate 

TABLE 11 

THE CO.VfPONENTS OF ERROR IN HAEMOGUJBIN ESTTM- 
ATION EXPRESSED AS A PERCENTAGE OF THE MEAN- 
HAEMOGLOBIN values: based on niTi’ OBSERVATION-S 
MADE BY FIVE OBSERVERS O.N A SINGLE SAMPLE OF BLOOD 


Source of error 
and mean \aluej 

1 

[ Esumation 

1 of error by 
separate 
experiments 
(%) 

1 Analysis of 
i \ariance in 

1 the neutral 
grey photo- j 
[meter method 

! 

Analysis 
of s-ari- 
ance for 
Haldane 
method 

1 (%) 

Mean 

1 97 

1 

i 97 

Total error . . 

i 3.3* ; 

3.0 

1 

Calibration of 
pipettes 

2.0 

1.8 ; 

[ •Z4 

Filling pipettes 

2.2 1 

i i 

! 

Observers 


! 1-0 ; 

2.S 

Reading photo- 
meter 

J.3S 

‘ 1 

' 1 


Random error ; 


2.2 j 

3.7 


• EiclL'ding the observer <U2mrosrr.!. 



274 


ROSEMARY BIGGS AND R. L. MACMILLAN 


counting, the technician learns to count very 
rapidly and - to make continuous unconscious 
adjustment-in a series of counts to ensure that all 
will agree with the first. 

In this experiment five observers made ten' red 
cell counts from the sample of blood used in tlie 
haemoglobin determinations, using ten pipettes 
and ten counting chambers. One red cell pipette 
was always used with the same counting chamber, 
and thus the errors due to these two factors were 
estimated together. 

It will be seen from Fig. 2 that the total range 
of variation was very large, rather larger than that 



Acd Cell Count in Million} 

Fig. 2. — Histogram to show the distribution of individual 
red cell counts. Five observers each made fen 
estimations from the sample of blood from which 
the haemoglobin determinations .were made, using 
ten pipettes and ten counting chambers. Each 
pipette was always used with the same counting 
chamber. 

recorded by Berkson and others. This increase in 
error is due both to the inclusion of different 
observers in the experiment and to the fact that, 
whereas Berkson and others counted the red cells 
with an electric counter from photographs, in these 
experiments the cells were counted by eye. In 
addition it will be seen from Table III that the 
component errors arc rather different. Berkson 
and others record a larger error for pipettes and 
counting chambers, while our resu’ts show a 
greater random fluctuation. This discrepancy is 
due to the different methods used to discover the 
errors. Berkson and others made a series of 
separate experiments similar to those described for 
the errors of the haemoglobin pipette and reading 
the ncutrnl-grey photometer, while our results were 


TABLE III 

THE COMPONENTS OF ERROR IN RED CELL COUNTING 
EXPRESSED AS A PERCENTAGE OF THE MEAN VALUES 
FOR THE RED CELL COUNT. THE RESULTS OF OUR 
EXPERIMENTS COMPARED WITH THOSE OF BERKSON 
AND OTHERS (1940) 


Source of error 
and mean value 

Results from 
analysis of vari- 
ance in our 
experiments 

Results of Berk- 
son and others’ 
experiments 

Mean value 

4.39 

millions per 
c. mm. 


Total error 

9.46% 

1 

. 7 . 8 %* 

\ ■ - 

Pipettes . . 

1 

4.26% 

4.7% 

Counting chambers 

4.6% 

Observers . . 

3.12% 

- - 

Random error . . 

7.8% 

4.2% 


• Excluding (he obse/ver component. 


obtained by analysis of variance. The figure for 
random error in our calculations includes the error 
of filling the pipettes, which was estimated 
separately by Berkson and others. 

The variability of this method, from which 
repeated counts on the same sample may be 
equivalent to differences of more than 1,000,000 
cells per c.mm. in a 5,000,000 count indicates that 
small changes in red cell count cannot be measured 
with reasonable precision. 

''Packed cell volume. — A previous experiment in 
which Wintrobe (1934) estimated the error of the 
haematocrit as 0.5 per cent suggests that this 
method should give uniform results. 

In this experiment each of the five observers 
filled ten Wintrobe haematocrit tubes with blood 
from the sample used in the red cell counts and 
haemoglobin determinations. These were then 
centrifuged at 3,000 r.p.m. for half an hour. There 
were no differences to be detected between the 
tubes. The only error was a small random fluctua- 
tion of 0.5 per cent, giving a coefficient of varia- 
tion of 1 per cent. This method has an almost 
negligible error and since some of the techniques 
applicable to capillary blood are also reliable 
(Miller, 1938-39) the method is well adapted to 
routine use. The error of a capillary method in 
use in this laboratory is shown in Table I. 

Indices. — ^The red cell counts, the determina- 
tions of haemoglobin, and the packed cell volume 
were all made on the same sample of blood, and 
since the relations between the haemoglobin and 
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Fig. 3. — ^Histogram to show the distribution of the cal- 
culated values fof the colour index using both the 
Haldane and neutral grey photometer methods. 
Each haemoglobin estimation was paired at random 
with a red cell count made by the same observer. 

red cell count, the haematocrit and red cell count, 
and the haematocrit and haemoglobin for normal 
blood can all be represented by linear regression 
lines passing through the origin, the errors may be 
calculated with sufficient accuracy by pairing 
appropriate values at random and determining the 


attributed to the natural prejudice of technicians 
and pathologists in favour of reasonable results ; 
a prejudice which leads to the repetition of values 
incompatible with the appearance of the blood 
film or grossly different from previous observa- 
tions on the same patient. 

Both of these indices are used to measure differ- 
ences that are small in relation to their range of 
chance fluctuation. Neither is therefore of great 
value as a single obseiwatioo, though successive 
readings will give a general impression of any 
systematic trend over a period of time, such, for 
example, as may occur during the treatment of 
pernicious anaemia. 

On the other hand the mean corpuscular haemo- 
globin concentrations showed relatively little 
variation, and this index, which is well adapted to 
the study of iron deficiency, could be used more 
frequently as a routine estimation. 

Mean cell diameter derived from the Price-Jones 
curve. — Both Price-Jones fl933) and Mogensen 
(1938) have studied the errors inherent in drawing 
a Price-Jones curve, including the variation in cell 
size in one subject on repeated measurements from 
different slides, and the range in normal subjects 
(Price-Jones, 1933). The error in making repeated 
observations on one subject, was small, but it is 
usually believed that the techm’que, in addition to 
being extremely time-consuming, is of little value 
except in the hands of highly skilled and experi- 
enced observers. Our experiment was undertaken 
to discover whether relatively unskilled workers 


standard deviations of the resulting indices. 

The magnitudes of these errors are given in 
Table I, and the distribution of the individual 
observations in Figs. 3 to 5. It 
is obvious that the indices de- ^ 

rived from variable observations 
are unlikely to measure small 
differences reliably, but the wide 
range of the colour index and 
mean corpuscular volume is illu- 
minating. By chance the sample 
of blood examined gave mean 
values for the colour index and io 

mean corpuscular volume which 
are at the upper limit of the 
normal range 1.12 and 104.6 g 
respectively. It will be seen that 
in a blood sample of this type, 
encountered not infrequently in 

routine work,- there is a high 

probability of recording a grossly 
pathological value. The fact that ^ — Histoc 

these c.xaggcrated figures seldom mean corpu 
reach the clinician mav be random wit 


could obtain information of any clinical value. 
Five observers measured a hundred cells from each 
of five slides taken from the same subject at the 
same time. The errors referable’ to differences 
between observers and those between slides could 
therefore be calculated. 

It will be seen in Fig. 6 that a wide variation 
occurred. The range of cell size in any one estima- 
tion (the standard deviation of one Price-Jones 
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Fig. 4. — Histogram to show the distribution of the calculated salucsforthe 
mean corpuscular volume. Each of the red cell counts was paired at 
random with a haematocrit reading made by the same observer. 
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Fig. 5. — ^Histogram to show the distribution of the' 
calculated values for the mean corpuscular haemo- 
globin concentration using both the Haldane and 
neutral grey photometer methods for haemoglobin 
determination. Each haemoglobin determination, 
was paired at random with a haematocrit reading 
made by the same observer. 

curve) was similar to those of Mogensen and 
Price-Jones and remained fairly constant through- 
out. The variation between different slides was 
also similar to those found by Mogensen and 
Price-Jones (Table IV). The increased error was 
due to differences between observers and a com- 
ponent classed as “ interaction.” Neither Mogen- 
sen nor Price-Jones considered the possibility that 



Fig. 6. — Histogram to show the distribution of individual 
determinations of the mean cell diameter. Five 
obseiA'ers measured one hundred cells from each of 
five slides. The mean values for each observer 
measuring one hundred cells from the five different 
slides are shown above. 


TABLE IV 

THE COMPONENT ERRORS, OF DETERMINING THE MEAN 
CELL DIAMETER FROM PRJCE-JONES’ CURVE EXPRESSED 
AS STANDARD DEVIATION IN [ 1 . THE RESULTS OF OUR 
EXPERIMENTS COMPARED \yiTH THOSE OF MOGENSEN 
(1938) AND PRICE-JONES (1933) ' 


Source of 
error and 
mean value 

Error 
deter- 
mined 
from our 
experi- 
ments 

Error 

assessed 

by 

Mogensen 

Error 

assessed 

by 

Price- 

Jones 

Mean 

7.04 

7.44 

7.328 

Total error 

0.23J 

1 


Error for 1 observer 
measuring 100 cells 
on one slide 

0.143 

i 

0.0721 

0.0735 

Differences between 
observers 

0.171 

1 


Differences between 
slides 

0.08 

1 

0.06 

0.06 

Error component 
classed as “inter- 
action” . . 

0.1265 

1 



Random error per 
mean of 100 cells 

i 

0.044 

0.045 ■ 

0.048 


observers might not always agree, a factor of 
importance in clinical practice. 

As was suggested by Mogensen (1938), and more 
recently by Humble and Belyavin (1948), the only 
error reduced by increasing the number of cells 
measured is that due to chance variation in the 
population of cells selected from a particular slide. 
In our estimations this error was 0.04 p. which; 
compared with a total error of 0.231 /n, is negli- 
gible, and no appreciably greater precision results 
from increasing the number of cells measured to 
500 (Table I). On the other hand, if the larger 
errors due to the slides and observers were reduced, 
the precision would be increased. This can be 
effected if, for example, five observers each measure 
a hundred cells from different slides. S.nce only 
five hundred cells are measured by the ^ve 
observers together, there is no increase in the total 
labour of Price-Jones’ original techiiique ; in this 
way the error is reduced from 0.231 to 0.09 p. In 
Fig. 6 the mean values for the five observers’ 
measurements on different slides are compared 
with the total invariability. Although the error of 
the mean cell diameter is reduced by this method, 
a false impression of anisocytosis will follow 
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systematic differences between observers. This could be reduced still further. Thus, if, in a case of 
may be avoided if the Price-Jones curve is con- pernicious anaemia for example, instead of making 
structed from the results of one observer. repeated observations of the Colour Index and 


The error is .large compared with those of Price- 
Jones and Mogensen, but it is small in comparison 
with those of other investigations that give any 
indication of cell size (Mean Corpuscular Volume 
and Colour Index). In addition the Price-Jones 
curve gives a valuable record of anisocytosis. 
Again, if highly reproducible results are required, 
the method by which five observers make measure- 
ments on five slides will give a precision approach- 
ing that of the experts, even including the observer 
component. Thus from the view point of pre- 
cision the Price-Jones curve, even when con- 
structed by the average laboratory worker, will 
give information of clinical value. The main dis- 
advantage that remains is the length of time 
occupied by a single observation. However, we 
did not find that this was excessive. In forty-five 
minutes one observer maj' make aU necessary 
measurements and’complete the calculations, using 
a simplified technique such as that described by 
Humble and Belyavin (1948) ; no doubt this time 


Mean Corpuscular Volume, two Price-Jones curves 
were drawn, one before and the other following 
treatment, there would be little total loss of time, 
and the record of the patient’s progress would be 
more complete and more precisely assessed. 

Reticulocyte count — ^Plum (1942) and Jacobsen 
and others (1947) have showm that repeated reticu- 
locyte counts on one sample of blood will agree 
closehr It is, perhaps, difficult to understand why 
the errors which they. record appear rather smaller 
than the random selection of 1,000 cells from a 
binomial distribution would allow'. -Nevertheless, 
even acknowledging the full standard deviation to 
be expected, which is of the order of 1 per cent 
of reticulocytes for counts from 5 to 10 per cent, 
it might be hoped that this w'ould prove one of the 
more reliable routine methods. 

In this experiment nine observers counted the 
number of reticulocjlcs in five hundred red cells 
from one sample of venous blood. They made 
nvo preparations by each of the methods, and thus 



Fig. 7. — Histograms to show the distributions of the inihvidual 
reticulocyte counts. The two parts of the diagram refer to dificrent 
c.xpcriments (sec tc.xt). In Fig. 7b the mean values obtained by the 
observers by the two methods of counting are indicated. 


made four counts in all. In this way 
any difference between the observers 
and between the two methods could 
be measured. No consistent differ- 
ence between the methods was 
found. 

From Fig. 7a it will be seen .that 
a large range of variation occurred, 
very much larger than should result 
from random selection from a 
binominal distribution. In both 
methods there was a considerable 
difference between the results of 
different obseivers (Table V). In 
the coverslip method there was also 
a big random error, probably caused 
by difficulty in accurate counting on 
films in which the cells were not well 
separated. In the slide method the 
two counts made by each observ'cr 
agreed fairly well and thus the 
random error was sma.l. Of these 
two, the slide method was therefore 
preferable. 

The large obseivcr error was. 
howeser. surprising, and'an experi- 
ment was designed to decide whether 
this was due to differences between 
the preparations made by the obscr- 
s ers or to difficulty in the recogni- 
tion of reticulocytes. Six cxpcric.-tced 
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TABLE V 

THE COMPONENT ERRORS OF THE RETICULOCYTE 
COUNT EXPRESSED AS STANDARD DEVIATION IN 
PERCENTAGE OF RETICULOCYTE 


Source of error and 
mean value 

Coverslip 

method 

(%) 

Dry slide 
method 
(%) 

Mean 

7.2 

6.0 

Total standard devia- 
tion 

3.1- 

2.4 

Error due to observers 

1 

2.2 

2.2 

Random error 

2.2 

0.9 


observers made counts from six slides made 
at the same time from one stained drop of blood. 
Inaccuracy in enumeration was avoided by reduc- 
ing the field to contain between ten and thirty cells. 
The errors due to uneven distribution on one slide 
was minimized by making counts not only by re- 
cording the number of reticulocytes in five hundred 
red cells but also by a method of inverse sampling 
suggested by Woolf (1948). A hundred reticu- 
locytes were counted and the number of fields 
passed over before this total was reached was 
recorded. The number of red cells per field was 
calculated from a random sample of 200-300 red 
cells. In this way the number of reticulocytes in 
approximately 2,000 red cells was assessed. 

From Fig. 7b it will be seen that there was 
slightly -more tendency for the values to be grouped 
than in the original experiment, but the variation 
was still large. The individual observers obtained 
fairly consistent results with figures rang- 


countcd in proportion to the number of red cells 
and the total deduced from a separate red cell 
count, give the higher results, and therefore have 
the advantage of preserving a greater proportion 
of the platelets. From the techniques involved 
neither of these methods can be precise. In Lem- 
pert’s method the error must include those due 
to pipetting and the uneven distribution of plate- 
lets. The minimum error of this method is likely 
to exceed that of the red cell count because fewer 
particles are counted. In the indirect methods the 
error camiot be reduce^! below that of counting 
red cells, combined with the error due to uneven 
distribution of the platelets on the slide prepara- 
tions. In addition to these the scope for diver- 
gence of opinion between observers is great. 
According to Aggeler and others (1946), . . there 

may be wide variations in the results obtained 
by different observers, each using the same method 
of counting. The individual differences appear to 
depend upon the microscopic technique and visual 
acuity of the observer. We are convinced that it 
is impossible to standardize the platelet count so 
that the results of even expert technicians will not 
show significant variation.” An approximate 
minimum error might be expected to lie between 
10 and 15 per cent, and including an observer com- 
ponent the error might well be considerably 
greater. It is therefore rather surprising that 
previous estimates of error are extraordinarily 
small ; that calculated from Ivanitsky-Vasilenko 
and Klimova’s (1937) results in the Lempert 
method gives a random error of 0.2 per cent, 
Dameshek’s figures (1932) give an error of 3.8 per 
cent, and Olef (1935), using an indirect method. 


ing from 2.4 to 4.8 per cent, 3.2 to 4.2 
per cent, 2.6 to 6.4 per cent, 4.1 to 6.6 per 
cent, 4.4 to 7.2 per cent, and 6.4 to 9.8 per 
cent, but clearly the divergence of opinion 
between them was wide. A further study 
of this observer difference has shown that 
the number of reticulocytes seen is con- 
trolled both by the eyesight of the ob- 
server and by the magnification of the 
microscope used. Since this is an error 
that cannot readily be eliminated, the best 
results for clinical purposes will be ob- 
tained if the same observer makes all the. 
counts on any one patient. 

Platelet count. — ^The indirect and direct 
platelet counts, of which Dameshek’s 
and Lempert’s methods were chosen, are 
known to give different figures for the 
normal number of platelets. The indirect- 
methods, in which the platelets are 
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Fig. 8.-r— Histogram to show the distribution of the individual 
platelet counts by Dameshek’s and Lempert’s methods. 
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gives figures with a coefficient of random variation 
of 1.8 per cent. It would seem probable that 
unconscous bias must have been responsible for 
these very low figures. 

In this experiment five observers each made five' 
platelet counts using five pipettes and counting- 
chamber Combinations. The counts were taken at 

TABLE VI 

the COSrPONENT ERRORS HV COUNTING PLATELETS 
expressed as a PERCENTAGE OF THE MEAN VALUES 
OBTAINED BY THE TWO METHODS: THE E3ERORS FOR 
PIPETTES AND ORDER OF TAKING THE SAMPLES ARE 
OMITTED BECAUSE THEY ARE SMALL IN RELATION TO 
THE RANDOM ERROR 


Source of error and 
mean vsduc 

Dameshek’s 

method 

Lempert’s 

1 meffiod 

Mean 

365,000 c.mm. 

246,000 c.mm. 

Total coefficient of 
variation . . 

1 

41% 

23% 

Error due to observers 

33% • 

13% 

Random error 

22% 

17% 

Random error (exclud- 
ing one reading which 
differed markedly 
from the majority of 
observations) 

i 

6% 


hourly intervals from a different finger of the same 
subject. Thus the errors due to observers, calibra- 
tion of pipettes, and counting chambers, and the 
time of taking the sample could all be calculated. 

The distribution of the individual counts are 
shown in Fig, 8. Lempert’s direct method shows 
far less variation than does the indirect method 
of Dameshek, and if one observation which 
differed markedly from the rest is excluded the 
random variation approaches that due to the 
Poisson distribution. It will be seen from Table 
VI that the superiority of Lempert’s method fol- 
lows a decrease in the difference between the 
counts of the five observers. In both these 
methods the errors attributable to the .pipettes and 
time of taking the samples were small in compari- 
son with those of the observers and the random 
variation. 

These results therefore reveal errors well above 
the probable minimum for the method, an error 
which could ' certainly be reduced if one experi- 
enced observer made a series of counts. How- 
ever, for clinical purposes great accuracy is not 
required and the results obtained by Lempert's 
method are adequate. 


Whole-hlood coagulation. — Pauwen.and others 
(1942) studied the coagulation time of normal 
venous blood. They found that the coagulation 
time of different normal subjects measured as an 
average of four tests did not show any very great 
variation, but that the four tests taken at one time 
might differ widely. Their figures show a random 
variation of about 15 per cent. 

In this experiment four observations of the 
whole blood coagulation were made by each of the 
three methods on one subject on ten consecutive 
days. In the Lee and White method the order in 
which the tubes were filled with blood was 
recorded. In the Dale and Laidlaw' method the 
four observations were made consecutively, on the 
same linger, a second prick often being necessary'. 
The order of the tests was recorded. In the capil- 
lary tubing method all the tubes were filled from 
the same prick. In this way differences between 
the methods, between the order of taking the 
samples, and between samples taken on different 
days could be estimated. 

The different methods are known to ^ve distinct 
values for the coagulation time. From Fig. 9 it 
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will be seen that the individual readings for the 
Lee and White and the Dale and Laidlaw methods 
showed approximately the same dispersion about 
their means, but since the mean value for the Dale 
and Laidlaw method is lower the error is relatively 
larger (Table VII). In the capillary tubing method 

' TABLE VII 

THE COMPONENT ERRORS IN THE MEASUREMENT OF 
BLOOD COAGULATION EXPRESSED AS A PERCENTAGE OF 
THE MEAN VALUES 


Source of error 
and mean value 

1 Lee and i 
White 1 
method 

Dale and 
Laidlaw 
method 

Capillary 

tubing 

method 

Mean 

4.8 min. 

1.5 min. 

2.0 min. 

Total coefficient of 
variation for tests 
made over a period 
of 10 days 

1 

1 

1 

10.8% 

1 

27.5% 

1 

29.4% 

Total coefficient of 
variation for tests 
made on one day 

4.7% 

15.5% 

14.0% 

Error due to the 
order of taking 
samples on one day 

6.2% 

20.9% 

0 

Error due to varia- 
tions between the 
different days on 
which samples were 
taken 

9.7% 

j 

22.5% 

25.9% 

Random error 

7.0% 

25.1% 

28.0% 


the variation was greater. From an analysis of the 
constituent errors it was seen that both the 
methods using capillary blood showed a greater 
change from day to day than did the method of 
Lee and White. The Dale and Laidlaw method 
also showed a big discrepancy between the tests 
taken at one time, and from Table VIII it will 
be seen that the first test had a longer coagulation 
time. From the method of taking the samples this 
was probably due to a larger amount of tissue 
juice in tests after the first. In the Lee and White 
method the first tube often coagulated more 
quickly than the others, and presumably thrombo- 
plastin from the needle was included in this 
specimen. 

These results illustrate the small variability of 
the coagulation time as tested by the Lee and 
White method. The technique appears to be more 
reliable than that of Pauwen and others (1942). 

Red cell fragility. — Many of the factors which 
influence the red cell fragility curve, including the 


degree of anaemia, oxygenation of the blood, the 
pH of the saline solutions, and the temperature 
of incubation, have been worked out by Dacie and 
Vaughan (1938). They used a technique in which 
all these factors were considered to determine the 
red cell fragility in fifty normal subjects, and 
thus set limits to the normal range. Since discrep- 
ancies between the results of different observers 
have arisen in relatively simple methods, it seemed 
possible that the red cell fragility curve, as used- 
in a routine laboratory, might show a wider range 
of variation in normal people than was recorded, 
by the originators of the technique. 

TABLE VIII 

A COMPARISON OF THE MEAN VALUES FOR FOUR CON- 
SECUTIVE ESTIMATIONS OF BLOOD COAGULATION MADE 
By THREE DIFFERENT METHODS (THE FIGURES GIVEN 
ARE THE averages OF THE VALUES OBTAINED ON 
TEN DIFFERENT DAYS) 


Method 

Order of test 

1 

2 

•3 

4 

Lee and White 

4.4 min. 

4.8 min. 

5.1 min. 

5.0 min. 

Dale and Laidlaw 

2.04 min. 

1.38 min. 

1.32 min. 

1.40 min. 

Capillary tubing 

1.92 min. 

2.12 min. 

2.05 min. 

2.10 min. 


In this experiment, therefore, five observers 
measured the red cell fragility in fifty normal sub- 
jects. Ten observations were made by each of 
three observers from one laboratory, and twenty 
by two observers from a second laboratory. The 
same saline solutions were used throughout. In 
most cases duplicate tubes were set up to reduce 
the errors of pipetting. In addition the red cell 
fragility of one normal subject was tested on 
several different days. 

The mean value for the median corpuscular 
fragility, 0.392 per cent, was higher than that of 
Dacie and Vaughan (1938), 0.366 per cent, because 
less blood was used in proportion to the volume 
of saline. The readings of the five observers, con- 
sidered separately, showed variation in relation to 
their respective mean values which was compar- 
able to that of Dacie and Vaughan (1938), but, 
since the observers’ mean values were different, the 
total range was wider (Fig. 10). Thus, if the red 
cell fragility is always measured by one observer 
a range of variation comparable to that established 
by Dacie and Vaughan will include all the read- 
ings on normal people. On the other hand, if the 
test is made by a number of observers wider limits 
of normality must be set. The diversity of the 
red cell fragility curve in one normal subject 
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Fio. 10. — ^Diagram to show the mean values for the red cell fragility curve in normal people obtained by different 
observers (continuous lines). The limits of probable variation referred to in the text are shown by discontinuous 
, lines. 


(Fig. 11) also suggests that it would be unwise to 
accept a narrow concept of abnormality. 

In Fig. 10 the mean values for the four sets of 
observations arc given ; above and below these are 
indicated two limits of the probable variation in 
normal people. Tire narrower range represents 
one standard deviation above and below the means 
of the more e.xtreme obseo’crs. These limits 
should include nearly 90 per cent of aU the read- 
ings. The wider limits represent two standard 
deviations above and below the e.xtrcmc observers, 
and these should include almost all normal fragility 
curves. 


Discussion 

In all these investigations emphasis has been 
placed on the use of a particular method as a 
routine procedure. We ha\'e therefore deliberately 
not required the observers to have specialized skill 
in any one technique. It may well be thought that 
the large errors obtained, in most cases larger than 
any previously recorded, arc proof that none but 
those highly skilled can carry out these investiga- 
tions adequately. To some c,i;tent this is true, for 
many of the techniques can be used with’ far 
greater precision. The Haldane method for haemo- 
globin cstimau'on, for c.xample. a notoriously 
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unreliable method in routine practice, can give for example, Macfarlane (1945) has shown that the 
very uniform results in the hands of one observer skilled observers almost invariably disagreed ; in 
(Macfarlane, 1945). Again, several of the observers this experiment the reticulocyte counts of the 
taking part in these experiments made reticulocyte different observers varied, and a similar observa- 
counts on one sample of blood which showed very tion was made by Aggeler and others (1946) in 
little variation, and Price-Jones (1933) and Mogen- counting platelets. 

sen (1938) have demonstrated the high precision of From this it is clear that, were it possible for 
the Price-Jones curve. Though one skilled worker one observer to carry out all the investigations, the 
may obtain very uniform results it does not follow variability of the results should approximate to the 
that the figures of different skilled observers will minimum error , of the method. , The probable 
agree. In the Haldane haemoglobin estimation, minimum errors of some of the methods discussed 



Fig. 11. — ^Diagram’fo show the range of variation in the red cell fragility curve in one normal subject. 
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Fig. 12. — Diagram to show the error of haemo^obin determination by the Haldane method at le^ls of haemoglobin 
from 10 to - 140 per cent. On the vertical axes the magnitude of the error is indicated. The solid area 

represents the range within which nineteen out of twenty repeated estimations on one sample will fall. The 

outer lines give the upper and lower limits that might be expected to contain nineteen out of twenty pairs of 
estimations on the same blood sample. In any two estimations on the same patient, therefore, a difference 
^eater than these limits would have to be obtained before any significant change in haemoglobin could be 
inferred. The value is referred to as “the significant difference.” The values for si^ificant difference in Figs. 12, 
13, and 14 are approximations because the error for an i ncrease in the value is sfightly different from that 

of a decrease. (The error should be calculated fro m 2-v/ -r S." for any given difference and is in fact 

calculated from 2-\/s]^ at the upper level and 2%/*:* at the lower level.) 

Example'of the Use of Fig. 12 : If the haemoglobin is recorded as 70 per cent (vertical axis) repeated 
observations would be expected to lie between 63 and 76 per cent (horizontal axis). If the haemoglobin is 
70 per cent on one occasion, a second observation must c.xcccd 81 per cent or fall below 59 per cent before 
any significant change can be inferred. 


arc given in Table I. These limits are important, 
for it is common for .skilled observers to improve 
on them. In the red cell count, for example, any 
skilled technician can, as Wintrobe has said, obtain 
results on one sample of blood that will agree 
within 200,000 cells. Again some of the recorded 
figures for platelet counting show the most extra- 
ordinary agreement (Olef. 1935 : Ivanitsky- 


Vasilenko and Kilmova, 1937). This uniformity, 
which would be impossible for a mechanically 
impartial recorder, is the re,sult of an unconscious 
bias which was clearly demonstrated by Macfar- 
lanc (1945) in the case of the Haldane haemo- 
globin determinations. Macfarlanc showed that 
observers could use this method with a greater 
uniformity of results when provided with 
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graduated tubes than when only plain tubes were 
supplied. In the case of the red cell count this 
excessive accuracy can be shown to decrease, 
rather than increase the reliability of the results 
(Biggs and MacMillati, 1948). 

The question of importance is the course which 
should be followed in a routine laboratory. Inves- 
tigations of which fifty to a hundred may be made 
in one day cannot all be made by one highly 
skilled observer. With these, it is essential to 
select those methods which give reasonably good, 
, results in the hands of the “ average ” observer. 
The methods of most importance are those which 
assess the degree of anaemia and the response to 
treatment. The selection of the method for haemo- 
globin estimation is clearly important and, as 
Macfarlane and others (1948) have shown, the 
methods with an error approaching the minimum 
are the neutral grey photometer using oxyhaemo- 


globin, the Sahli-Zeiss comparator using acid- 
haematin, and the Duboscq photometer using 
various pigments. In addition, the haematocrit 
gives very reliable results and from these .two 
observations the mean corpuscular haemoglobin 
concentration may be calculated. These measure- 
ments, together with the patliologist’s opinion on 
the appearance of the blood film, give the best 
information available for routine diagnosis except 
in the macrocytic anaertiias, where some assess- 
ment of cell size is necessary. 

The mean corpuscular volume and colour index 
are at present- routine procedures in all haemato- 
logical laboratories, where their vagaries give rise 
to constant irritation. The labour involved by 
these measurements is, in our opinion, not justified 
by the results which they give. There are few 
pathologists who would accept the figures recorded 
by either of these indices if they were not borne 


Extent of error; per cent haemoglobin 
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Fig. 14. — ^Diasram to show the error of the red cell count for counts var>'ing from 50,000 to 7,000,000 using 
a 1/200 dilution of blood, and counting of eighty small squares in a Neubauer counting chamber (see. 
legend to Fig. 12). 

out by the appearance of the blood film. This fact method. Alternatively, the techniques may be 

in itself illustrates a conscious or unconscious con- carried out by a number of competent obsers'ers, 

viction that the figures are not reliable, a convic- when the range of their errors will be comparable 
tion well supported by these investigations. The to those recorded here. If the special investiga- 

only exception which must be made is in the case tion is complicated and the results require to be 

of macrocytic anaemia in laboratories where the accurate, as for example in prothrombin deter- 
drawing'of a Price-Jones curve is difficult. In minations. the former procedure is preferable. On 

these cases repeated observations will give a broad the other hand, many of the investigations need 

general impression of the tiend of cell size. not be measured ssith very great precision for 

In the case of the reticulocyte count, where ordinary clinical purposes, and the results of the 

despite all care different skilled observers tend to “average obsers-er” are probably adequate. It 
disagree, the simple procedure of encouraging one would seem to us preferable to have a laboratory 
obsen’cr to make all the counts on any one patient staffed by workers competent to carry out any 

will increase the reliability of that patient's record, investigation that could reasonably be requested. 

In the case of im'cstigations less frequently than a staff of specialists in single techniques, 

carried out, two possibilities exist. Single The final problem is the application of these 
observers may be trained to attain specialized skill concepts of error to routine practice. The errors 

Until their errors approach the minimum for the that we have calculated in most cases applv onlv 
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to the readings recorded. The error of haemo- 
globin determination by the Haldane method, for 
example, is relative to the level of haemoglobin. 
Thus an absolute error of 5.2 per cent at 100 per 
cent haemoglobin is reduced to 2.6 per cent at 
50 per cent. The alteration iri error with change 
in haemoglobin level is shown in Fig. 12. This 
diagram shows the range within which repeated 
observations on one sample may be expected to 
fall (solid area), and the difference between two 
haemoglobin readings which may be considered 
significant. In this method doubling the volume 
of b'ood used for low concentrations of haemo- 
globin would be expected to give little increased 
accuracy and must introduce additional error from 
the filling of pipettes on two occasions. 

In the neutral grey photometer method the error 
of reading the photometer remains constant and 
though this error is small it becomes relatively 
more important at low levels of haemoglobin. 
Thus a slight reduction in error will result from 
doubling the amount of blood when the haemo- 
globin reading is less than 30 per cent. The errors 
of this method are shown in Fig. 13. 

In the fed cell count, as Berkson and others 
(1940) have shown, the error tends to increase 
with a decrease in the number of cells counted. 
Fig. 14 shows the errors that will occur with a 
constant technique of counting eighty small 
squares in a dilution of 1/200 using a Neubauer 
counting chamber. Some increase in precision 
will follow an increase in the number of cells 
counted. Using the technique outlined above, a 
count of one million cells will have an error of 
12.6 per cent. By using a dilution of 1/100 and 
counting 160 small squares the error may be 
reduced to 9.5 per cent. Further reduction in error 
can be obtained by using two pipettes and two 
counting chambers. In the example given above 
the error would in this way be reduced to 7.8 per 
cent if a total of four hundred cells were counted 
(eighty small squares from each counting chamber 
using a dilution of 1/100). 

The random error of the haernatocrit is probably 
independent of the level of packed cells and thus 
will be proportionately greater at low haemotocrit 
readings. However, this error is sufficiently small 
to be negligible in comparison with the errors of 
other methods in use. 

When reticulocyte counts are m.ade by many 
different observers, the errors are so large that no 
useful limits of probable variation can be set. In 
the hands of one reasonably skilled observer the 
error approaches that of the binominal distribution. 
The limits of error for counts of five hundred and 
a thousand cells are shown in Table IX. 


TABLE IX 

THE ERROR IN ESTIMATING THE TERCENTAGE OF RETI- 
CULOCYTES WHEN ONE COMPETENT OBSERVER COUNTS 
500 OR 1,000 RED CELLS WITH DIFFERENT PROPORTIONS 
OF RETICULOCYTES 


Percentage 

of 

reticulocytes 

Range within which 
the percentage of 
reticulocytes should 

1 fall is 19/20 re- 
peated counts on 
one sample 

Significant difier- 
ence in percentage 
of reticulocytes 


500 cells* 

lOOOcellsf 

500 cells* 

1000 cells* 

1 

0-2 1 

0-2 

1.5 

1.5 

2 

1-3 

1-3 

2.0 

1.5 

3 

1-5 

2-4 ■ 

2.0 

■ 1.5 

4 

2-6 

3-5 ' 

1 2.5 

2.0 

5 

3-7 

4-7 

3.0 

2.0 

6 

4-8 

5-8 

3.0 

2.0 

7 

5-9 

6-9 

3.0 

2.5 

8 

6-10 

6-10 

3.5 

2.5 

9 

6-12 

7-11 

3.5 

2.5 

10 

7-13 

8-12 

i 4.0 

2.5 

15 

12-18 

13-17 

1 4.0 

. 3.0 

20 

17-23 

■ 18-23 

5.0 

3.5 

25 

21-29 

22-28 

5.5 - 

4.0 ■ 

30 

26-34 

27-33 ' 

6.0^ 

4.0 

35 

31-39 

32-38 

6.0 

4.5 - 

40 

36-44 

37-43 

6.0 

' 4.5 

45 

41-49 

42-48 

6.5 

4.5 

50 

46-54 

47-53 

6.5 

4.5 


* Cilculatcd from the st.ind.ird dcvi.ilion. 
t From Siicdccor (1946). 


In platelet counting the error is so large that 
only conspicuous and progressive changes should 
be considered significant. 

Siininiarj’ 

1. A series of experiments was devised to 
assess the errors inherent in the routine use of some 
common hacmatological methods. The results are 
summarized in Table I and in the figures illustra- 
ting the text. 

2. Some of the sources of error were disclosed, 
and among these disagreement between observers 
was important. 

3. An increase in the reliability of routine work 
will follow the selection of those methods which 
give the best results in the hands of the average 
laboratory worker. 

4. In the diagnosis of anaemia the most precise 
measurements found in this investigation were: 
haemoglobin determination using oxyhaemoglobin 
and a neutral grey photometer, the haernatocrit, 
the mean corpuscular haemoglobin concentration, 
and the mean cell diameter derived from the P.rice- 
Jones curve. 
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5. The red cell count has an error of 9 per 
cent and thus the colour index and mean corpus- 
cular volume are 'too variable to record the small 
differences of interest to the clinician. The routine 
use of thesfe indices might be restricted to the 
study of macrocilic anaemia in laboratories where 
a Price-Jones apparatus is not available. 

6. The most important error in counting 
reticulocytes arises from disagreement between 
observers ; this will be minimized if the same 
laboratory worker makes all the counts on any 
one patient. 

7. The platelet count by both Dameshek’s and 
Lempert’s methods showed a large standard devia- 
tion, but Lempert’s method was preferable. 

8. Five obs'ervers recorded different mean 
values for the red cell fragility in normal people. 
In the routine laboratory it would be wise to use 
a wider concept of normality than that established 
by Dacie and Vaughan (1938). 

. We thank the many doctors and laboratory techni- 
oans who willingly took part in these experiments. 
The .statistical analysis of the Price-Jones curve and 
the red cell fragility curve were made by Mr. Finney, 
whom .we also thank for assistance and adrice in all 
the mathematical difficulties that arose. We should 
like to thank Dr. R. G. Macfarlane for his continued 
interest and help throughout the investigation. 
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THE ERROR OF THE RED CELL COUNT 

BY 
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From, the Department of Pathology, Radcliffc Infirmary, Oxford 

(received for publication, JULY 25, 1 948) 


The staffs of haematological laboratories spend 
much of their time counting red cells. The 
precision of this estimation is therefore of prac- 
tical importance, and many experiments have been 
designed to establish the error of the technique. 
In spite of this, the most widely divergent views 
are still held as to the reliability of single 
observations. 

In 1881 Lyon and Thoma showed that the 
standard error of counts made on the same sample 
of blood was roughly proportional to the square 
root of the number of cells counted. Thus in a 
count of 100 cells the standard error would be 
roughly </ 100, and repeat counts on the same 
sample might by chance vary from 80 to 120 cells, 
or, in counts of 500 cells, the standard error would 
be approximately v'500 or 4.5 per cent. In 1906-7 
“ Student ” confirmed and stated more exactly the 
find'ngs of Lyon and Thoma when he showed that 
the scatter of cells in a haemocytometer followed 
the Poisson distribution, in which the standard 
error is equal to the square root of the mean for 
the distribution. Thus, if 500 counts are made on 
one sample of blood and the mean value for each 
is 100 cells, the standard error is a/ 100 and the 
majority of counts would show a range from SO 
to 120 cells. From these observations it appears 
that there is an irreducible error in mak'ng a red- 
cell count which is approximately proportional to 
the square root of the number of cells counted. 

In 1935 and 1940 Berkson, Magath, and Hum 
again demonstrated the Poisson distribution of the 
red cells in a haemocytometer and made a 
thorough analysis of the other errors inherent in 
this technique. They showed that in a normal 
count the standard error is 7.7 per cent. An error 
of this magnitude implies that two counts on a 
normal sample of blood may differ by up to 
1,100,000 (+ 2S'). In 1947 Hynes showed that 

the distribution of cells varies from one end of the 


coverslip to the other, and unless there is a 
reasonable length of coverslip on either side of the 
ruled area the error may be larger. 

Wintrobe (1946) on the other band maintained 
that repeat counts on a single sample should agree 
to within 200,000 cells, implying a standard error 
of 1.4 per cent, and several workers have published 
results in which this error has been achieved or 
even bettered (Mayers, 1922 ; Smith, 1931 ; 
W.ntrobe, 1934; Price-Jones and others, 1935). 
This error is considerably less than that due to 
the Poisson distribution alone. Wintrobe (1946) 
does not recognize this distribution because he 
holds that the number of cells enumerated in the 
five separate squares of a red-cell count should not 
differ by more than 18. A greater internal varia- 
tion is thought to indicate incomplete mi.xing of 
the contents of the pipette, and according to this 
criterion counts showing a greater variability 
should be rejected. In the Poisson distribution, on 
the other hand, differences of up to 40 cells might 
occur by chance. Wintrobe’s opinion is appar- 
ently shared by. the many skilled workers who 
habitually apply this criterion of adequate mixing. 
In fact, it is probably true that in spite of Berkson’s 
careful experiments and statistical analysis many 
believe that Wintrobe’s assessment of the error is 
more nearly true. 

Experiments 

We have therefore made several experiments in 
an attempt to find the origin of this apparently, 
irreconcilable discrepancy. 

Experiment 1. — Two reliable and skilled technicians 
made ten counts on a single sample of normal blood, 
using five pipettes and five counting chambers. In all 
these experiments one pipette was always used with 
the same counting chamber. The cells in a volume 
of 1/10,000 c.mm. of blood in five large squares were 
counted. The values for each square were recorded 
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TABLE I 

raE NTJMBERS OF RED CELLS RECORDED FOR EACH OF THE COUNTS IN EXPERHIENT I 


Pipette 


Observer 

I 

2 

^ ! 

4 

[ 5 

1 

503 

481 

467 

498 

496 

496 

494 

497 

496 

492 

2 

481 

j 481 

489 

482 

482 

477 

480 

478 

465 

458 


separately and the workers were requested to apply 
Wintrobe’s criterion for complete dispersion of the 
cells in the pipette; that is, to reject counts show- 
ing a variation greater than 18 cells between the five 
squares. They were aware that they were dealing svith 
only one sample of blood, and were encouraged to 
compare results. The figures obtained showed close 
agreement (Table I). The first technician’s counts had 
a coefficient of variation of 1.9 per cent and those 
of the second 2.1 per cent. In this experiment the 
technicians separately obtained a precision closely 
approaching Wintrobe’s requirements. There was, 
however, a fairly large difference between the two 


TABLE n 

THE NUMBERS OF RED CELLS RECORDED FOR EACH OF 
■ THE COUNTS IN EXPERI.MENT 2 


Observer 

Pipette 

1 

2 

! ^ 

4 

1 

5 

1 

430 

404 

437 

453 

517 

2 

475 

405 

455 

412 

443 

3 

437 

440 

508 

435 

488 

4 

488 

449 

485 

463 

505 

5 

458 

397 

458 

436 

447 


sets of results, one giving a mean value of 477 and 
the other of 492. 

E-xperiment 2. — ^Five technicians made five counts 
on one sample of normal blood using five pipettes 
and five counting-chambers. The blood was divided 
into five fractions, which the technicians had no reason 
to believe were derived from the same person. They 
did not compare results, but were requested to use 
Wintrobe’s criterion for complete mixture' of the con- 
tents of the pipettes. From Table II it will be seen 
that these counts show far greater variation than those 
of the first experimenL The coefficient of variation is 
now 7.6 per cent. 

E.xperiment 3. — Five doctors who, though compe- 
tent in the technique, were not engaged in red-cell 
counting as part of their daily work, made ten counts 
on the sample of blood used in Experiment 2, using 
ten pipettes and counting-chambers. These workers 
inevitably made their counts more slowly than the 
technicians, and — choosing the squares at random-—- 
were unable to obtain a close agreement between the 
counts for the different squares ; a difi'erence of up 
to 40 cells was allowed. The results show an even . 
greater variation, and the standard error is 9.5 per 
cent (Table III).* 


• That this etror is greater than that recorded by Bertson may 
probably be due to two main factors: (1) Berkson used an electric 
counter and enumerated the cells front photographs, sehcrcas in these 
esperiments the cells « ere coun'ed by eye. (2 ) Berkson ’s experimer.ta 
werc,made by one observer, and our experiirentssbow that an error 
of 3 percent may be attributed to differences between observers. 


jTABLE m 

THE NUMBERS OF RED CELLS RECORDED IN EACH OF THE COUNTS IN EXPERIMENT 3 


Observer 

Pipette' 

1 

2 1 

3 i 

4 1 

5 

^ 1 

7 

8 ! 

1 9 i 

10 

1 

427 

ya 

i 418 

440 

[ 349 ! 

1 

484 

430 

1 416 

449 j 

j 464 

2 

434 




415 i 

420 

[ 415 

396 j 

! 439 j 

424 

3 

480 

421 

473 

496 ! 

1 ' 

! 474 

! 411 1 

1 

mm 


I 502 1 

’ 4SS 

4 

451 

369 

1 500 

464 

1 444 

I 410 I 

! ’’22 1 



*t/I 

5 

462 


Hi 


4S9 

i 409 1 

1 ! 

1 iOS j 

1 I 

1 347 , 

440 ! 

i 

! 

391 
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Discussion 

' These experiments show that the magnitude of 
the error depends entirely on the condition of the 
experiment. The main components of error from 
an analysis of variance are shown in Table IV. 


TABLE IV 

THE COMPONENTS OF ERROR DERIVED FROM AN 
ANALYSIS OF VARIANCE IN EXPERIMENTS 1, 2, AND 3 


Experi- 

ment 

Total error % 

Error 
! due to 
obser- 
vers 
% 

Error 
due to 
pipettes 
and 

counting 

cham- 

I bers 
°/ 

1 

Random 

error 

O' 

/O 

Separate 

obser- 

vers 

Both 

obser- 

vers 

I 

1.9 

2.1 

3.6 

2.0 

0 

2.5 

II ! 

7.6 

2.9 

4.8 

5.1 

ni 

9.5 

3.1 

4.2 

1 

7.8 


The striking feature is the progressive increase in 
random error. In experiment 1, which is simitar 
to those described by Wintrobe (1934) and Price- 
Jones and others (1935), the error is small if the 
results obtained by the two technicians are con- 
sidered separately. The random error is welt below 
that of the Poisson distribution (4.5 per cent). 
There is no component of error referable to the 
calibration and filling of pipettes and calibration 
of counting chambers, factors well recognized as a 
source of error in haematological technique. 
Moreover, it can be shown statistically that there 
is less than a 1 / 100 probability of obtaining mean 
values as widely divergent as 477 and 492 from the 
same sample of blood when the counts for each 
observer are so uniform. 

Since there are good reasons for suspecting that 
the standard error recorded in the first experiment 
is not a true estimate, and since workers not en- 
gaged in red-cell counting as a routine are unable 
to obtain any close agreement, it is perhaps of 
interest to examine the process of training which 
leads to the making of uniform counts. This has 
been described by Emerson (1921), who recom- 
mended his medical students to make repeated 
counts on one person’s blood until they achieved 
an agreement of 200,000 cells. He says, “Some 
students attain this accuracy quickly. Some, how- 
ever, repeat this daily counting for twenty or 
thirty or even more days before their work is 
satisfactory to themselves or to us. By this time 


. they have certainly learned wherein lies the error 
of their technique. It is of interest that the most 
careful ones sometimes make the greatest errors 
since they • take too much time where speed is 
essential.” It seems probable that a training of 
this sort leads to an unconscious bias in favour of 
agreement between counts, a bias that was well 
demonstrated in Experiment 1. 

In Experiment 2 there was no reason to obtain 
any agreement between the five sub-samples of 
blood, but the values for the last four squares of 
each count were biased by that of the first square 
(because an agreement between the five squares 
of 18 cells or less was required). In the third 
experiment the full range of random variation was 
shown. 

It seems probable that any artificial reduction 
in the true variability will lead to a decrease, 
rather than an increase in precision ; nevertheless 
it is possible that a skilled observer trained to 
make uniform counts on a single sample of blood 
might be able to select from each counting 
chamber squares typical of the whole field, which 
would estimate the mean value more precisely than 
a random selection. Experience in many sampling 
problems, however, suggests that subjective selec- 
tion of . this kind is a frequent source of 
unconscious bias. To test this point a further 
experiment was made. 

Experiment 4. — Five technicians made routine red 
cell counts on eighteen different samples of blood and 
recorded separately the figures for each square. The 
counting chambers were then taken and the cells in all 

table' V 

'one of the 18 COUNTS MADE IN EXPERIMENT 4. 

(In the top row are the separate counts for each of 
the five squares obtained by the technicians. .The 
counts for the separate squares of the whole field 
are recorded below.) 


Technician’s 

counts 

80 

82 

79 

82 

■77 

Counts for whole 
field 

77 

69 

62 

69 

70 

64 

94 

77 

71 

67 

85 

73 

66 

67 

72 

1 

62 

89 

65 

72 

77 

64 

64 

67 

77 , 

62 


the squares in the ruled area were counted. The re- 
sults of one such experiment are shown in Table V. 
The mean value per square obtained as an average 
for the whole field is clearly a better estimate of the 
true mean value than that derived from any five 
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squares. Nevertheless if the five squares were chosen 
at random their mean value should not differ signifi- 
cantly from that for all the squares. When the mean 
values for each selection of five squares obtained by 
the technicians are compared svith the corresponding 
mean for the whole field, several of the eighteen 
samples show a large difference, and statistical tests 
show that the dispersion about the field means is 
significantly greater than would be expected for the 
means of random samples. In other words, on an 
average, a random selection of five squares would give 
a more trustworthy estimate of the field mean than 
would the set of five selected by one of these techni- 
cians ; the insistence on agreement between counts for 
the five selected squares has achieved a bias in estima- 
tion rather than an increase in precision. 

Conclusions 

It is concluded that : (1) the training of workers 
who make routine red cell counts should be a 
training in accurate counting rather than a train- 
ing in ■ achieving agreement between replicate 
. counts : (2) in making a red cell count a difference 


of up to '40 cells should be allowed between the 
five separate squares counted ; (3) from the most 
reliable estimates the standard error of the red-cell 
count lies between 8 and 10 per cent. 

We should like to thank Dr. R. G. Macfarlane 
for his continued interest and advice, Mr. Finney for 
assistance with the statistical analysis, and graduate 
assistants and technicians of the department of 
haematoIoCT for their patience and willing co- 
operation in carrying out the experiments. 
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A FURTHER CASE OF ANTI-LUTHERAN 
IMMUNIZATION, WITH SOME STUDIES ON ITS 
CAPACITY FOR HUMAN SENSITIZATION 

BY 
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National Biood Transfusion Service, Regiouai Scroiogicai Laboratory (O.xford Region) 

AND 

M. M. PICKLES 

Department of Pathoiogy, Radciiffe Infirmary, O.xford 
(received for publication, JUNE 22, 1948) 


The “Lutheran” antibody was first described 
by Callender, Race, and Payko? (1945) in the 
serum of a patient who developed a number of 
antibodies in response to multiple transfusions of 
blood. Callender and Race (1946) showed that 
the red cells of 8 to 9 per cent of the English popu- 
lation were agglutinated by this antibody, that it 
was inherited as a Mendelian dominant, and that it 
was unrelated to the ABO, MN, P, or Rh blood 
groups. 

This paper reports a second example of this 
antibody found during the investigation of a 
transfusion reaction, and some attempt is made 
to assess the immunizing capacity of the Lutheran 
antigen. 

Case History 

In February, 1946, a man (A.T.) aged 38 with cir- 
rhosis of the liver was admitted to the Radciiffe Infirm- 
ary (Reg. No! 10771/46) for treatment of bleeding 
oesophageal varices. He had suffered from recurrent 
haematemeses since 1931, and had been transfused, 
latterly at about yearly intervals. In the two months 
before his admission to this hospital he had received 
four transfusions, most of which had been accompanied 
by rigors. On March 1, 1946, he was transfused with 
four pints of group O Rh-posilive blood. A slight 
reaction was noted though not reported till later. On 
March 7 he received a further two pints of O Rh- 
positivc blood ; this transfusion was followed by 
marked jaundice and haemoglobinuria, and on 
investigation two days later his blood group was 
found to be O Rh-negative, with no evidence of sur- 
viving Rh-positive cells, thus showing that he had 
destroyed alt the blood transfused. His serum con- 
tained an incomplete anti-D antibody (titre 1 : 128 in 
concentrated albumin and 1:512 Coombs’ titration), 
the obvious cause of his transfusion reaction. In 
addition there was an agglutinating antibody active at 
20° and 37° C. This was also present at the same 
titre of 1:16 in the pre-transfusion sample taken on 


March 1, 1946, which suggests that it had not caused 
the transfusion reaction. In fact all the bottles given 
had been cross-matched and found to be compatible 
and were later shown to be Lutheran-negative. As 
the serum also agglutinated the cells of a known 
Lutheran-positive donor, it was investigated in 
parallel with the original anti-Lutheran serum by 
Dr. S. T. Callender and Dr. R. R. Race. It aggluti- 
nated all of twelve Lutheran-positive and ■ failed to 
agglutinate all of forty-seven Lutheran-negative 
bloods. The probability of such a coincidence be- 
ing due to chance is infinitely small. 

During April and May, 1946, the patient was in- 
jected with small amounts of Lutheran-positive cells. 
His subsequent transfusions were compatible both for 
the Rh and 'Lutheran factors. His antibody litres in 
June, 1946, were 1:512 incomplete anti-D (in albu- 
min) and 1:16 anti-Lutheran. A year later the titre 
of the incomplete anti-D antibody ‘had dropped to 
1 : 64 and the anti-Lutheran antibody reacted weakly 
at a titre of 1 : 1. In January, 1948, no anti-Lutheran 
antibody was detectable in his serum. 

The type of agglutination was similar to that previ- 
ously described — compact agglutinates among many 
unagglutinated cells — and though with many of the ' 
test cells the serum gave slightly stronger reactions at 
37° C., other cells were agglutinated more strongly 
at 20° C. 

Serological Investigations 

Three hundred and sixteen random bloods were ' 
tested with the serum ; twenty-six were positive 
(8.23 per cent). It was possible to distinguish strong 
and weakly reacting types of positive cells ; of the 
twenty-six Lutheran-positive cells fifteen were 
strong reactors or L, and eleven weak or La. 
When the serum (titre 1 : 16) was absorbed with 
an equal volume of packed cells the Li cells re- 
moved all the agglutinin, whereas when it was 
absorbed with the L, cells, which removed all - 
antibody capable of reacting with themselves, it 
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TABLE 


Name and 
Reg. No. 

Recipients 

Donors’ 

Rh and 

Lutheran Group 

Serum 

tested 

(days) 

Immune investigations 

Age 

! 

' Diagnosis | 

Rh 

Group 

E.W. 

21754/44 

46 

1 

Duodenal ulcer j 

i 

Ro j 

RjR: 

R^r 

■ 

15 

25 

31 

1:16 Anti-Lutheran All previous 

1:4 „ - „ donors L — 

- 2 

• ^ ff 9f 

A.P. 

36929/44 

i 

46 

Cholecystectomy i 

1 

R, 1 

1 

i 

RiRo 

RiRi ; 

1 

L-b 

L + 

28 

36 

72 

1:4 „ „ Previous donors- 

1:2 „ „ not available 

Negative 

A.C. 

45572/45 

56 

Anastomotic ulcer 

Ri 

Rir 

Ror 

L. 

L-b 

11 

17 

Negative Previous donors 

Negative not available 

P ■R 

. 57191^6 

1 

12 1 

1 

Traumatic splenec- 
tomy 

N.T. 

R. 

L-b 

13 

! 

Negative 

A.T. 

54323/46 

1 

67 ; 
' 1 

Partial gastrectomy , 

! 

1 

1 

Rir 

R,r 

R'r 

RiRi 

L-b 

L -b 

L+ 

30 

68 

Negative 

Negative 

W.M. 

50740/46 

59 

Prostatectomy j 

Rs 

rr 

1 

L-f- 

1 

20 

Negative 

P.M. 

55258/46 

32 

Hysterectomy and 
salpingo-oophor- 
ectoray 

rr 

Rir 

RiRi 

L + 

1 L-b 

24 

58 

98 

Negative 

Negative 

Negative ^ 

H. 

. P-P- 

■ 

Prostatectomy 

N.T. 



10 

42 

Negative 

Negau've 


N.T,=»Not tested. 


still agglutinated the more strongly positive 
bloods. This is analogous to the subdivision of the 
blood group A into Ai and A-. with the ai serum. 

Cells 

L, L; L negative 

Serum before absorption +-t- + — 

Serum-absorbed L, cells _ - - 

Serum-absorbed L. cells -f- - - 

This result cannot be c.xplained by the dosage 
effect of homozygous and heterozygous bloods, 
as the expected frequency of Lutheran-positive 
homozygotes in 316 bloods would be less than one, 
whereas fifteen were observed. Five families have 
been studied, two of the Li and three of the Lj 
type. In all cases the antigen was present in the 
same form in all members of the family. The 
evidence is in favour of there being three 
allelomorphs of the gene, their approximate gene 


frequencies calculated from the 316 bloods being 
L, 2.5 per cent, Lj 1.8 per cent, and 1 (Lutheran- 
negative) 95.7 per cent. 

The occurrence of the same type of immune 
antibody in a second patient in the same hospital 
within two years suggests that the Lutheran factor 
is moderately antigenic in man, though this could 
not be accurately assessed, as both patients had 
developed other immune antibodies. The first 
case reported (Callender and others, 1945)- was 
known to be hypersensitive to all blood antigens. 
It was therefore decided to transfuse Lutheran- 
negative patients with Lutheran-positive blood to 
determine the importance of the antigen in trans- 
fusion practice. Eight suitable patients were 
selected from those requiring transfusions, and 
their sera were examined for atypical antibodies. 
Each received without any reaction one or two 
pints of Lutheran-positive blood. Their sera W’crc 
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re-examined at approximately fortnightly intervals 
for two months. Two out of the eight patients 
developed “ Lutheran ” antibodies of the agglu- 
tinating type, but no other antibodies, either 
agglutinating or incomplete, were detected in any 
of the eight patients, either on testing against a 
random panel of test cells or against the blood 
donors, who were recalled and whose cells were 
tested against the sera from the patients to whom 
their blood had been given. Both the patients who 
developed anti-Lutheran antibodies and one of 
those who did not respond had received earlier 
transfusions. In one of these (E. W.) all four 
donors of the earlier transfusions were tested and 
found to be Lutheran-negative ; in the other two 
cases the donors were not traced. In both these 
deliberately immunized patients the anti-Lutheran 
antibody was detectable in the serum for a short 
time only. In the case -of A. P. it was present at 
a titre of 1 : 4 twenty-eight days after transfusion, 
and it fell rapidly and was no longer evident forty- 
four days later. In E. W. the maximum titre of 
1 : 16 was found fifteen days after transfusion ; 
it fell to 1 : 2 during the succeeding fortnight. 

Discussion 

The chance finding of a further anti-Lutheran 
antibody and the immunization of two out of eight 
patients by transfusion with Lutheran-positive 
blood suggests that the Lutheran antigen is 
moderately antigenic in man and that supplies of 
suitable test serum could be obtained fairly 
readily. However, its antigenic capacity cannot 
be compared with most of the other blood factors 
antigenic in man, since very few systematic studies 
have been made. It had generally been con- 
sidered that only 2 to 4 per cent of Rh-negative 
people were sensitized by transfusion of Rh- 
positive blood, but Hattersley (1947) has shown 
that eleven (55 per cent) of twenty Rh-negative 
Servicemen who had been previously transfused 
developed anti-Rh agglutinins. Diamond (1948) 
has confirmed this high incidence of immuniza- 
tion of Rh-negative subjects transfused with blood 
from unselected donors. In his series of over 500 
cases, 46 per cent contained anti-Rh agglutinins. 
Other specific antibodies developing in response to 
transfusion have occasionally been reported. It is 
probable that they occur more readily than is 
generally recognized, as they are usually detected 
only in the investigations of a transfusion re- 
action or in the cross-matching of blood for a 
further transfusion. 


Because of the rarity of the Lutheran antigen, 
its role as a potential cause of transfusion reactions 
is remote when unselected blood is used. In con- 
trast to the anti-Rh agglutinin the serum titre of 
the anti-Lutheran antibody does not seem to be 
well maintained. In the case reported by 
Callender and Race (1946) the antibody was 
demonstrated in the serum for only about seven 
weeks, and though it was present in our first case 
for sixteen months after the first observation the 
titre had fallen from 1 : 16 to 1 : 4 in five weeks, 
subsequent reimmunization probably contribu- 
ting to its persistence. In the experimentally 
immunized patients the titre was falling rapidly 
during the second month after transfusion. There 
was no indication of clinical incompatibility of 
transfusion in cither of these recipients, though 
the donor cells must have been rapidly eliminated 
in case E. W., where an antibody titre of 1 : 16 
was found fourteen days after transfusion ; and 
though some changes in the peripheral haemo- 
globin levels were observed during this time these 
were not significant, as the patient was losing 
blood from a bleeding peptic ulcer. 

Although the Lutheran antigen has not yet been 
proved to be the cause of a clinical transfusion 
, incompatibility, it should, in view of its potential 
immunizing capacity, be considered when a 
transfusion reaction is being investigated. 

Summary 

A second example of human immunization to 
the Lutheran factor is described’. In eight, 
Lutheran-negative patients purposely transJfuscd 
with Lutheran-positive blood, two developed anti- 
Lutheran antibodies. In none of the cases as yet 
described was there evidence of clinical incom- 
patibility. 

It has been found that there are strongly and 
weakly reacting Lutheran-positive cells, - Li and 
Lj, analogous to the A, and A- groups. The 
importance of the Lutheran factor as a blood - 
antigen is discussed. 

We thank Dr. R. R. Race and Dr. S. T. Callender 
for their confirmation of the specificity of the first 
serum encountered, and Dr. J. Grant for her , co- 
ordination of the selected transfusions. 
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SOIVIE OBSERVATIONS ON THIOURACIL NEUTROPENIA, 
WITH SPECIAL REFERENCE TO THE 

STERNAL MARROW . 

BY 

E. K. BLACKBURN 

Department of Pathology, The Royal Infirmary. Sheffield 
(RECErv'ED FOR PUBLICATION, JULY 7, 1948) 


It is generally agreed that leucopenia, with its 
clinical sequelae, is the most important and occa- 
sionally serious toxic manifestation in treatment 
with the widely used thiourea group of drugs 
(Lesses and Gargill, 1945; Morgans, 1947; 
Dunlop, 1947; etc.). The average incidence of 
agranulocytosis in patients so treated appears to 
approximately 2 per cent (Moore, 1946 ; Van 
3Vinkle and others, 1946), and 28 per cent of sixty- 
one cases of this condition reviewed by Morton 
0947) died. In view of these and similar findings. 
It is considered that the results of an investigation 
of the sternal marrow in cases of thiouracU 
neutropenia may be of some interest. 

A series of six patients who developed neutro- 
penia during the year 1947, while under treatment 
with methyl (4) or propji (2) thiouracil, will be 
considered. The criterion of neutropenia was 
taken as a peripheral absolute granulocjte count 
of less than 1,500 per c.mm. of blood (Osgood and 
others, 1939). A differential count of 500 
nucleated marrow cells was made in each case, 
except in No. 1, in which 1,000 such cells were 
counted. In none was there evidence of a primarj’ 
blood dyscrasia which might be associated with 
an absolute neutropenia. Brief clinical details of 
these patients are given in the appendix to this 
report (p. 299).' 

The Six Cases 

Case 1. — ^The sternal marrow was first examined on 
April 3, 1947, when only 64 granulocytes per c.mm. 
were found in the peripheral blood. Stained films 
showed normal numbers of earlier, with very scanty 
later, myeloid forms (see Table, Case la). There 
appeared to be a rise in Ij-mphocytes and plasma 
cells, and a normoblastic reaction (she had hypo- 
chromic anaemia ; Hb, 70 per cent Hcllige — 100 per 
ccnt = 14 g. per 100 ml. blood — on .-Xpril 3, 1947). 


Morphological abnormalities were seen in 55 cells of 
the myeloid series. Thus some myeloblasts showed, 
in varj’ing combination, an irregularly shaped nucleus, 
and scanty, irregularly staining, vacuolated cyToplasm, 
with irregular outer margin and pseudopodium-like 
formation (Plate I, Figs. I and 2). Promyelocjles 
with an abnormally large, often irregular nucleus, 
and cytoplasm showing the features menfioned above, 
along with coarse granulation (Figs. 3-7), could be 
seen. The large numbers of cells reported as bare 
nuclei throughout the series showed, in the main, the 
general morphology of myeloblastic or premyelocytic 
nuclei (Fig. 8). Some were degenerated mature 
granulocytes (Fig. 9). 

The cytoplasm of the neutrophil myeloc>ies showed 
the abnormal features observed in the premyelocytes, 
except that the granules were often ill-defined, and 
seemed to fuse with the cytoplasm (Fig. 10). Regu- 
larity of nuclear outline could be seen in one cell. 

The single metamyelocyte encountered also showed 
irregularly staining cytoplasm with ill-defined granu- 
lation, while the neutrophil poKmorph exhibited 
similar granulation, along with an abnormally pale, 
vacuolated cytoplasm and a pyknotic nucleus. 

The sternum was punctured for the second time on 
April 5, 1947. No granulocytes were then seen in the 
peripheral blood smears. Examination of the marrow 
(Tabic, lb) showed even more marked myeloid sup- 
pression than on April 3, the promyelocyte level beinn 
especially affected. In general, the myeloid morpho- 
logy resembled that seen in the first marrow specimen. 
Additional features worthy of note amongst the 56 
abnormal cells were: one myeloblast showed a partly 
segmented nucleus, the lobes being joined by a rela- 
tively narrow chromatin band (Fig. II); and the pro- 
myelocytes showed the ill-defined granules prcsiously 
mentioned (Figs. 8. 12. and 13). Some neutrophil 
myelocytes were abnorrnally large, and granules were 
often absent from the csioplasm, or were of very coarse 
type (Figs. 14 and 15). A few mctamyclocslcs showed 
scanty irregularly staining cvaoplasm, with irregular 
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TABLE 

MYELOGRAMS IN THIOURACIL NEUTROPENIA 


Percentage of cell types 


Cell types 

From counts of 1,000 cells 

From counts of 500 cells 

Case 

\a 

Case 

\b 

Case 

ic 

Case 

\d 

Case 

2 

Case 

3 

Case 

4 

Case 

5 

Case 

6 

Myeloblasts . . 


2.5 

2.4 

0.9 

0.5 

1.6 

1.8 

2.0 

1.8 

0.6 

Promyelocytes' 


3.0 

1.5 

5.0 

4.2 

7.6 

9.4 

7.4 

2.0 

6.8 

Neut. myelocytes . . 

, . 

0.6 

1.6 

8.3 

19.6 

9.8'^ 

2.4 

5.8 

0.8 

6.8 

Neut. metamyelocytes 


0.1 

0.6 

2.9 

21.3 

24.0 

23.6 

18.0 

1.4 

24.8 

Neut. segmented 


O.I 


0.1 

6.5 

8.6 

12.2 

11.6 

3.2 

19.2 

Eos. myelocytes 





0.2 

1.6 

1.0 

1.2 


0.4 

Eos. metamyelocytes 










0.2 

Eos. segmented 






0.2 

1.2 

1.0 



Adult basophils 





0.1 


0.2 




Megakaryocytes 

• • 

0.1 

0.1 


0.1 



0.2 

0.2 

0.2 

Lymphocytes 

, , 

23.6 

34.2 

42.1 

23.4 

22.8 

17.4 

6.0 

25.4 

12.6 

Plasmacytes . . 


2.8 

2.2 

2.0 

3.1 


0.6 

0.8 

0.5 

1.6 

Monocytes 


2.5 

3.4 

0.4 

0.7 

1.6 


0.6 

0.6 

.0.8 

Reticulum cells 


1.0 

0.8 

0.1 

0.6 

0.2 

0.2 

0.6 

0.4 

0.2 

Cells in mitosis — 











Promyelocytes 




0.1 . 

0.1 


0.2 

0.2 


0.2 

Neut. myelocytes 




0.1 

0.1 

0.2 





Haemocytoblasts . . 



0.2 




, 0.2 

0.4 

0.4 

0.8 

Pronormoblasts 


2.0 

0.7 

0.9- 

0.4 

0.6 

1.0 

1.2 

1.4 

1.8 

Basophil normoblasts 


9.8 

5.5 

2.7 

0.4 

1.4 

3.2 

8.0 

7.2 

1.4 

Polychromatic normoblasts 

15.6 

13.0 

13.2 

5.5 

5.0 

5.0 

11.0 

16.6 

6.0 

Orthochromatic normoblasts 

15.4 

9.5 

5.9 

2.4 

8.6 

2.6 

12.0 

14.8 

5.6 

Cells in mitosis — 











B. normoblasts . . 


0.3 

0.2 

0.4 

0.1 

0.2 


0.2 


0.2 

P. normoblasts . . 

, 

0.1 


5.9 

0.2 




0.8 


Bare nuclei . . 


20.5 

24.1 

14.6 

10.5 

6.0 

17.2 

11.8 

22.5 

9.8 

Myelo-lymphoid ratio 


0.3/1 

0.2/1 

0.4/1 

2.2/1 

2.3/1 

3/1 

8/1 

0.36/1 

4/1 ■ 

Myelo-erythroid ratio 


0.2/1 

0.19/1 

0.7/1 

6/1 

8AI\ 

.4.4/1 

1.5/1 

0.23/1 

4.7/1 


outline, vacuolation, and ill-defined or absent granules 
(Fig. 16). 

A further puncture was performed on April 7, 1947, 
at a time when granulocytes were beginning to re- 
appear in the peripheral blood smears (64 per c.mm.). 
The sternal marrow (Table, Ic) showed evidence of 
myeloid regeneration, and only one abnormal myelo- 
blast with vacuolated cytoplasm could be seen. Many 
of the promyelocytes showed abnormal features as 
described above. Some of the neutrophil myelocytes 
were abnormally large ; the nucleus of some exhibited 
nucleoli, and the cytoplasm of others, was completely 
disrupted (Fig. 17). A fresh feature noted in the 
cytoplasm of metamyelocytes was the coarse granula- 
tion; that of the single polymorph was abnormally 
pale, with irregular outline and devoid of granules 
(Fig. 18) (120 abnormal myeloid cells were seen). 

The final puncture, performed on April 10, 1947, 
was made when the peripheral granulocyte count was 
rising rapidly. The smears showed marked evidence 
of myeloid regeneration (Table, Irf). All the myelo- 
blasts appeared normal, and only 39 of the remaining 
myeloid cells showed any of the abnormal morpho- 
logical features described above. 


Case 2. — Sternal puncture was performed on 
Oct. 30, 1947, peripheral blood smears showing 1,160 
granulocytes per c.mm. There appeared to be a 
“ myeloid maturation defect ” (Table, 2). The myelo- 
blast morphology was normal, but 25 of the more 
differentiated myeloid forms showed abnormalities of 
structure of the types described in Case 1. Addi- 
tional features worthy of note were 2 metamyelocytes 
with abnormally large nuclei (Fig. 19), and one eosin- 
ophil myelocyte with vacuolated cytoplasm, 

. Case 3. — On March 26, 1947, 1,200 granulocytes 
per c.mm. were seen in peripheral blood smears. The 
marrow (Table, 3) showed a relatively slight apparent 
myeloid “ maturation defect,” while 27 myeloid ceils 
exhibited abnormalities of the types noted in the 
previous cases (Fig, 20). 

Case 4. — The peripheral granulocyte level standing 
at 854 per c.mm. sternal marrow smears obtained on 
May 20, 1947, showed an apparent “maturation 
defect ” in the myeloid cells (Table, 4). The normo- 
blastic reaction was expected in view of chronic 
haematuria (on admission she had 50 per cent Hb, 
Hellige). Worthy of note was the disrupted cyto- 
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plasm of two neutrophil polymorphs and two eosino- 
phil polymorphs (Fig. 9) ; other^vise, the 20 abnormal 
myeloid cells showed no features not already seen in 
the other cases. 

Case 5. — On June 1, 1947, when the sternal marrow 
was examined, there were 504 granulocytes per c.mm. 
in the peripheral blood. Again the Table (5) shows 
a myeloid “maturation defect,” and 27 abnormal 
myeloid cells showed changes described above. 

Case 6. — Sternal marrow puncture was performed 
on Dec. 1, 1947, when 1,250 granulocy'tes per c,mm. 
were seen in the peripheral blood. Marrow smears 
(Table, 6) showed 10 abnormal immature myeloid 
cells,' 1 myeloblast, 2 neutrophil myelocytes, and 7 
premyelocytes with neutrophil myelocytic nuclei. 
Otherwise there was no new feature. 

Sternal marrow examinations were carried out 
on five thyrotoxic patients in whom no neutro- 
penia occurred during thiouracil therapy. In 
these, neither the morphological abnormalities, 
nor the marked myeloid depression described in 
the six neutropenic cases, were observed. 

Discussion 

The six cases showed varying grades of neutro- 
penia up to complete agranulocytosis in Case 1. 
The sternal marrow appeared to contain an excess 
of lymphocytes in Cases 1, 2, and 5, and of plasma- 
cytes in Case 1, these findings being common in 
cases of neutropenia and agranulocytosis (Darling 
and others, 1936). The lymphocyte morphology’ 
was normal throughout, no cells of the ty'pe 
described by Downey and Stasney (1936) being evi- 
dent. There appeared to be no significant increase 
in reticulum cells and haematogones (haemocyto- 
blasts) such as McGavack and others (1944) found 
in a case of thiouracil neutropenia. The erythro- 
poietic tissue showed no constant variation from 
normal, as one would expect (Wintrobe, 1946a). 
In no case was there a megakaryocylic increase, 
found by Gessler (1946) in two of his series of nine 
patients. The latter had been treated with thio- 
uracil, 'and two had developed neutropenia. 

The most striking changes were found in the 
myeloid series ; they were constantly depressed (see 
Table), and displayed morphological alterations as 
described above. Gessler (1946) and Limarzi and 
Ricewasser (1946) have reported a few of these, 
while some of the other abnormalities have been 
described pYeviously in cases of agranulocytosis not 
associated with thiouracil (Rotter, 1925 ; Jaffd, 
1933 ; etc.). There were obvious discrepancies in 
the maturation of the nucleus and cytoplasm 
throughout the series (Plate I, Figs. 1, S, 11, 13, 
17, and 19). 

The mechanism of the depression of the bone 
marrow, and of the Icucopcnia, has by no means 


been fully elucidated. Neutropenia appears to 
depend on the development of hypersensitivity of 
the white cells to the drug, and other symptoms 
suggestive of allergy appear from time to time 
during treatment — for example, skin rashes and 
drug fevers (Witts, 1936 ; Plum, 1937 ; Hadler, 
1940 ; Lesses and GargLl, 1945 ; Fishberg and 
Vorz'.mer, 1945 ; etc.). Our case of agranulocytosis 
developed ery’thema, but none of the cases showed 
eosinophilia at any stage. Williams and Clute 
(1944) showed that patients may recover from 
neutropenia with continued administration of the 
drug, and desensitization to thiouracil has been 
noted by several authors (Sprunt, 1944 ; Rose and 
McConnell, 1944). However, Williams and others 
(1944) have shown that human bone marrow is one 
of the tissues most highly saturated with the drug. 
They also found that the concentration of thio- 
uracil in the leucocytes was greater than in 
the erythrocytes. Palmer (1944) supports these 
findings, and Warren (1945) show'ed that thio- 
uracil produced a small but significant inhibi- 
tion of respiration of rabbit bone marrow cells, 
more especially of the immature my'eloid cells. 
Thus a direct toxic effect of the drug may play a 
part. It is felt that the morphological abnormali- 
ties described above, and affecting even the earliest 
myeloid cells, and the discrepancies in maturation 
between the nucleus and cytoplasm strongly sup- 
port this view. Noteworthy, too, is the chemica ly 
close relationship of the thiourea drugs to barbi- 
tone or diethylbarbiluric acid, which latter occa- 
sionally gives rise to agranulocytosis (Watkins, 
1933). That the neutropenia does not arise from 
thyTotoxicosis per se has been adequately shown 
(Lesses and Gargill, 1945), and there is evidence 
that anoxia does not play an important part (Rosin 
and Rachmilewitz, 1948). 

W'hether depressed function of the marrow is 
due to adergy or to a direct toxic effect and over- 
dosage, or both, actual production of the neutro- 
penia would appear to be explicable by either one 
or other of the following concepts; 

(1) The much favoured “maturation arrest” 
(Fitz-Hugh and Krumbhaar, 1932; Fitz-Hugh 
and Comroe, 1933), in which the effect is e.xertcd 
on the precursors of granulocytes, interferinc 
with their maturation. Thus Rubinstein (19441 
performed serial marrow examinations in a case 
of severe th ouracil neutropenia and came to the 
conc.usion that agranulocytosis was caused by- 
arrest of maturation associated with hypoplasia. 

(2) Plum's (1937) evidence favours the view 
that the bone marrow in agranulocvtosis cocs 
through a number of stages. The first" is a jcduc- 
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tion of granulocyte precursors, soon followed by 
a loss of mature and then immature granulo- 
cytes. Recovery is heralded by the reappearance 
of granulocyte precursors, the picture then being 
one of so-called “ maturation arrest.” Later, the 
' mature granulocytes return. (It is of interest to 
note that Jaffe, 1933, described three cases of 
idiopathic agranulocytosis, and one following 
anti-luetic treatment. The femoral marrow at 
autopsy was hyperplastic, the granulopoietic 
tissue taking an active part. He thought, there- 
fore, that in some instances' the agranulocytic 
catastrophe was preceded by proliferation of 
young myelocytes.) The work of Braun (1944), 
of Dameshek (1944), and of Sikkema and others 
(1946) supports this second view. 

Our cases would also seem to favour the Plum 
concept, both from the evidence of a direct toxic 
effect already mentioned and from that afforded 
by the differential marrow counts in the Table. 
There is evidence of proliferation of earlier myelo- 
cytes in most cases, and in Case 1 this preceded 
the development of the more mature granulocytes. 
Also in favour are the large number of “ bare 
nuclei ” showing the general morphology of myelo- 
blastic or premyelocytic nuclei. We must remem- 
ber, however, that destruction of some of the 
granulocytes ■ may occur in the circulating blood 
(Lawrence, 1941). 

Fisher (1947) pointed out that neutrophil leuco- 
penia occurred in his series of cryptogenic acquired 
haemolytic anaemias only in those cases with liver 
dysfunction. In retrospect, he noted that neutro- 
penia was the only early and constant herald of 
liver dysfunction. It is interesting to speculate 
about the hepatic role in thiouracil neutropenia. 
The liver is affected in hyperthyroidism. There 
is often passive congestion, and degenerative 
changes are common. Fatty change, acute necrosis, 
both focal and central, and subacute toxic atrophy 
with the development of cirrhosis occur frequently. 
Liver function tests often show marked impairment 
(Weller, 1930 ; Beaver and Pemberton, 1933 ; 
Boyd, 1943). In addition, thiouracil therapy may 
be associated with.jaundice and hepatic enlarge- 
ment (Kahn and Stock, 1944 ; Paschkis, 1944 ; 
Sloan and Shorr, 1944 ; Losses and Gargill, 1945 ; 
Linnell and others, 1946 ; Livingston and Living- 
ston, 1947). Case 5 had hepatomegaly, but all the 
generally accepted liver function tests were normal, 
except the galactose tolerance test, which gave a' 
value of 4.5 g. excreted in five hours after 40 g. 
had been taken by mouth. Case 3 showed 
a similar result, and a serum alkaline phosphatase 
of 19 K-A units. Otherwise, the usual liver func- 
tion tests were normal throughout our series. This 


latter does not support the view that liver function 
has much to do with thiouracil neutropenia. 

Peripheral blood films in the six cases showed 
varying grades of degeneration of some granulo- 
cytes. Some had a pyknotic nucleus, or a pale 
nucleus with no cytoplasm but surrounded by 
granules. Vacuolation of the cytoplasm, abnormal 
bluish staining, and coarse and fine poorly staining 
granules were seen. - In no case was a leucocytosis 
detected on recovery (cf. Reznikoffj 1938 ; Losses 
and Gargill, 1945 ; Knecdler, 1946 ; etc.). 

Bacteriological cultures of the marrow under 
aerobic (blood agar, glucose broth) and anaerobic 
(blood agar and Robertson’s meat medium) con- 
ditions were carried out in Cases 1, 3, 4, and 5. 
After fourteen days’ incubation they remained 
sterile. In each case the marrow sample was taken 
before the commencement of penicillin therapy. 
These findings support the view that the neutro- 
penia is not primarily due to an infection 
(Wintrobe, 1946b). 

Our cases (see appendix) confirm the fact that no 
general rules will guarantee freedom from serious 
haematological reactions. Neutropenia was seen 
at very different dosage levels, and- after short and _ 
prolonged periods of administration. Clinical 
symptoms are not reliable as an indication of 
the blood picture ; thus Case 5 has continued over 
the past year free from symptoms, with a granulo- 
cyte count remaining at about the 1,000 per c.mm. 
level. 

Summary 

The sternal marrow pictures of one patient who 
developed agranulocj’tosis and of five who de- 
veloped neutropenia while under treatment with 
thiouracil derivatives are described, with particular 
reference to numerical and morphological changes 
in the myeloid series, which was constantly 
depressed. 

The mechanism of this depression is discussed, 
and evidence in favour of a direct toxic effect of 
the drug is given. The morphological abnormali- 
ties described, affecting even the earliest myeloid 
cells, and the discrepancies in maturation between 
the nucleus and cytoplasm strongly support this 
view. 

The mode of production of thiouracil neutro- 
penias is better explained by the Pliim (1937) con- 
cept than by that of “ maturation arrest.” 

The liver function tests performed on these cases 
do not uphold the view that liver function has 
much connexion with thiouracil neutropenias. 

Bacteriological cultures of the sternal marrow 
were sterile in four cases examined by suitable 
methods. This negatives infection as a primary - 
cause of the neutropenias. 
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It was confirmed that no general rules will 
guarantee freedom from serious haematological 
reactions, and clinical symptoms are not reliable 
as an indication of the blood picture. 

I wish to thank Prof. H. N. Green and Dr. L. C. D. 
Hermitte for their kind encouragement and advice ; 
Prof. E. J. Wayne and Dr. H. P. Brody for their will- 
ing assistance, and for access to their cases ; and 
Drs. W. D. Wallace, R. H. Canter, and J._F. Goodwin, 
Mrs. G. R. Maclachlan, and the technical staff for 
help with various aspects of the work. 
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Appendix 

Case 1. — A married woman aged 62 years was 
admitted to hospital with typical thyrotoxicosis and 
congestive heart failure. Methyl thiouracil, 0.2 p. 
three limes a day, was begun on March 12. 1947. 


The granulocytes feU from 2,120 on March 5 to 1,122 
per c.mm. on March 12, after which a satisfactory 
level was maintained until March 31, when a value 
of 1,188 per c.mm. was found. On March 24 thio- 
uracil therapy had been stopped for twenty-four hours 
in view of a transient mild sore throat. The granulo; 
cyles fell to 64 per c.mm. (total leucocytes 3,200 per 
c.mm.) lyy April 3 ; the drug was again stopped, and 
the first sternal puncture performed. Treatment with 
penicillin, intravenous pyridoxine, and intramuscular 
pentnucleotide was begun, her only fresh symptom 
being a slight sore throat. 

a” few hours after the first sternal puncture on 
April 3 she complained of malaise, headache, pains 
in her back and limbs, and a sore throat. At 6 p.m. 
she had a rigor, her temperature rising to 101° F. She 
appeared acutely ill, with flushed facies and coated 
tongue. Her fauces were injected, but no exudate was 
evident. Slightly enlarged, tender, tonsillar lyrriph 
nodes were palpated. There was no splenic or hepatic 
enlargement, and no bone tenderness, icterus, or skin 
rash.'^ 

The following day the temperature remained inter- 
mittent, and the peripheral granulocyte level stood at 
60 per c.mm., with a total leucocyte count of 3,000 
per c.mm. At 10.40 p.m. she experienced a rigor, 
this being thrice repeated on April 5, on which day 
she developed generalized ery'thema, and had a leuco- 
cyte count of 2,800 per c.mm., no neutrophil poly- 
morphs being evident in peripheral or marrow films. 

The complete neutropenia was maintained on 
April 6, and she had a rigor at 10 p.m,, which was 
repeated the next day at 3 p.m., when her peripheral 
blood contained 64 granulocytes per c.mm. Another 
sternal marrow examination was made on April 7. 

Marked clinical improvement took place on April 8. 
this being reflected in her peripheral blood, which 
showed 704 granulocytes (64 neutrophil myelocytes, 96 
metamyelocytes, and 544 polymorphs), out of a total 
of 3,200 leucocytes per c.mm. The following day no 
neutrophil myelocytes were seen, and the griTnulbcyte 
level rose to ’924 per c.mm. The final marrow smears 
were examined on April lOj 1947. 

Thereafter, the paUent’s leucocj'te counts were satis- 
factory, and methyl thiouracil 0.2 g. twice a day was 
recommenced on April 29. Agranulocytosis which, 
apart from a moderate rise of temperature, was 
symptomless developed suddenly on Mav 19. The 
drug was stopped and she recovered bn suitable 
treatment. 

Eight months later, in view of increasina toxicity, 
and the previous reactions to methvl thiouraai 
thyroidectomy was performed after 'suitable pre- 
operative treatment. The patient died a few hours 
later in a thyroid crisis. 

Case 2. — In 1941 a married woman aned 45 vears 
had a subtotal thyroidectomy for typical thvro'toxi- 
cosis. In view of recurrent toxic svmptoms,' methyl 
thiouracil 50 mg. per day was bccun'on Auc. 8, 194'6 
The dose w-as reduced to 25 me. daily on Oct 31 
being raised again to 50 mg. on March 27. 1947. Her 
granulocyte count was satisfactorv until Oct 24* 1947 
when a leucopenia (2.600 per c.mm.) and neutropenia 
(936 per c.mm.) were found. The granulocvtc level 
varied between 936 and 1,160 per c.mm. over th- 
next few symptomless days, thiouracil therapy beine 
stopped and_penicillin and pyridoxine exhibited on 
Oct. 26, 1947. Sternal puncture was perfotm-d on 
Oct. 30. 1947. ‘'.“i-u on 
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Case 3. — A married woman aged 38 years was 
admitted to hospital with auricular fibrillation and 
congestive heart failure due to primary thyrotoxicosis. 
Propyl thiouracil 50 mg. three times a day was given 
for fourteen days, 25 mg. three times a day for the 
next five days, and then 25 mg. twice daily for seven- 
teen days, after which (March 20, 1947) 25 mg. daily 
sufficed. Her total leucocyte count varied between 
3,000 and 3,600 per c.mm. from March 17 until- 
March 26, when her sternal marrow was examined. 
Previous counts had been normal, and she never had 
symptoms attributable to neutropenia. 

Case 4. — A married woman aged 43 years came into 
hospital on April 28, 1947, suffering from thyrotoxi- 
cosis and left pyonephrosis. Her leucocyte count was 
2,400 per c.mm. with 1,584 granulocytes per c.mm. 
Propyl thiouracil, 50 mg. three times a day, was given, 
and she developed more marked leucopenia, which 
was symptomless and persisted for four days before 
her sternal marrow was examined on May 20. On 
this date the peripheral blood showed 1,400 leucocytes 
and 854 granulocytes per c.mm. 


Case 5. — A man aged 53 years, a case of primary 
thyrotoxicosis, was given methyl thiouracil 200 mg. per 
day for one month, and then 100 mg. daily for three 
and a half months, followed by 25 mg. daily for one 
year. He then developed leucopenia (3,800 per c.mm.) 
due to neutropenia (418 granulocytes per c.mm.) 
associated with palpable enlargement of liver and 
spleen on May 31, 1947. He had no pyrexia, sore 
throat, skin rash, adenitis, icterus, bone tenderness, 
or anaemia, the neutropenia being symptomless. 

Case 6, — A married woman aged- 49 years had had 
a thyroidectomy four years previously for toxic goitre. 
She relapsed, and there was a concomitant B. coli 
pyelonephritis. On admission on Nov. 28, 1947, she 
had hypochromic normocytic anaemia (Hb, 67 per 
cent Hclligc), and leucopenia (2,000 per c.mm.) and 
neutropenia (1,220 granulocytes per c.mm.). The 
following day methyl thiouracil, 200 mg. twice a day, 
was begun, and her marrow was examined on Dec. 1, 
there having been no symptoms attributable to the 
neutropenia. 


Legends tor Plate 1 


(All tlic pliotomicrogrnphs are Lcisliman- 

Fig. t. — Myeloblast showing an irregularly shaped 
nucleus and irregularly staining cytoplasm with 
interruptions in the continuity of its outer in.argin. 

Fig. 2. — Degenerating myeloblast showing scanty, 
irregularly staining cytoplasm, with irregular outer 
margin, and pseudopodium-like formation. 

Fig. 3. — Large promyelocyte with a few coarse 
cytoplasmic granules. 

Fig. 4. — Large promyelocyte showing a cytoplasmic 
vacuole, and irregularity of cytoplasmic staining and 
outline. 

Fig. 5. — Promyelocyte showing irregularly staining 
cytoplasm, which contains coarse granules and a 
vacuole. 

Fig. G. — Promyelocyte showing irregularly staining 
cytoplasm and coarse granules. 

Fig. 7. — Promyelocyte showing irregularly staining 
cytoplasm with irregular outer margin and pseudo- 
podium-like formation. Some coarse cytoplasmic 
granules arc seen. 

Fig. S. — Nucleus only and promyelocyte, showing 
morpiiological similarities. The promyelocyte also 
shows an irregularly shaped nucleus, and ill-defined 
granules, which seem to fuse with the cytoplasm. 

Fig. 9. — Degenerate polymorphonuclear cell show- 
ing a stage in development of “nucleus only.” 


:ned, and the magnification is X 1,000) 

Fig. 10. — N. >«yr/ocyfc showing ill-dc fined granules 
apparently fusing witli the cytoplasm. 

Fig. 11. — Myeloblast showing partiallj' segmented 
nucleus. 

Fig. 12. — Promyelocyte with ill-defined granules 
apparently fusing with the cytoplasm. 

Fig. 13. — Promyelocyte with irregularly shaped 
nucleus and granules as in Fig. 12. 

Fig. 14. — N. myelocyte showing vacuolated cyto- 
plasm with absent granules. 

Fig. 15. — Large N. myelocyte with coarse cyto- 
plasmic granules. 

Fig. 10. — Metamyelocyte with scanty irregularly 
staining vacuolated cytoplasm and ill-defined granules. 

Fig. 17. — A^ myelocyte. The nucleus contains 
nucleoli. The irregularly staining cytoplasm has .an 
uneven outer margin and contains coarse granules. 

Fig. 18. — N. polymorph with abnoniially pale 
cytoplasm, which has an irreguhar outline and is 
devoid of granules. 

Fig. 19. — Metamyelocyte with abnormally large 
nucleus and ill-defined cytoplasmic granules. 

Fig. 20. — Eosinophil myelocyte with disrupted 
cytoplasm. 
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CONGENITAL DEFECTS FOLLOWING RUBELLA 

REPORTS OF TWO CASES, ONE OF WHICH SHOWS A HITHERTO UNDESCRIBED LESION 

BY 

IAN MACKENZIE, A. P. PRIOR, AND A. HOLZEL 

From the Department of Pathology, Warwickshire Comity Council, and the 
Department of Child Health, University of Manchester 

(received for publication, JUNE 29, 1948) 


The association of maternal rubella in the third 
month of pregnancy with ocular defects in the 
infant was first noticed in New South Wales by 
Gregg (1941). Subsequently (1946) the matter was 
investigated by Swan and his collaborators in 
South Australia. Further investigations have been 
made in the United States and in this country. By 
now there have also been reports of maternal 
rubella preceding the following defects in the 
infant : congenital abnormalities of the heart, 
abnormal size of the head, deafness, feeding diffi- 
culties, subnormal weight. 

Apart from records by Swan (1944) very few 
post-mortem observations have been made. His 
“Final Report” (1946) mentions “heart disease" 
in a number of the cases, but there are no further 
post-mortem records. We have been unable to 
trace any such records in this country. The 
already voluminous literature on the subject deals 
in the main with case reports, probabilities, and 
theories of mechanism. 

The purpose of the present paper is to record 
two further instances in which post-mortem exami- 
nations were made and to discuss relevant findings. 

Case Reports 

Case 1. — An infant was born to a primipara of 
26 years. It was known that the mother had had 
rubella when ten weeks pregnant. The delivery was 
normal, but the child lived for only fifteen minutes. 

Post-mortem findings. — Full-term female child 
weighing 6 lb. There were no external abnor- 
malities. The body was radiographed, but no bony 
abnormalities found. The eyes were bisected and 
found normal. Cranium and brain were also normal. 

The thorax and abdomen were anatomically grossly 
abnormal (Plate II). The small bowel and the left 
lobe of the liver (1) were seen to be in the thoracic 
cavity. The heart (2) and lungs were deviated to the 
right, and both lungs were much compressed. A thin 
edge of both lobes of the left lung ran diagonally 


across the thorax (3) from the apex of the cavity to 
the lower right-hand corner, where it met the dis- 
placed heart and pericardium. A large thymus gland 
(4) covered the upper portion of the pericardium and 
filled the whole of the superior mediastinum. 

The right muscular portion of the diaphragm was 
well formed (5, 16). The posterior muscular portion 
of the left half of the diaphragm was present (17), 
but there was no anterior two-thirds of the left half 
of the diaphragm (6). Through the gap thus made 
had herniated the left lobe of the liver, the stomach 
and nearly all the small intestines, the spleen, the 
pancreas, and in an extraordinary fashion the bulk 
of the colon. 

The caecum and appendix were to the left of the 
mid-line in the epigastric region (7). The ascend- 
ing colon (8) traversed the left side of the liver and 
stomach to reach the top of the left thoracic cavity. 
It descended (9) antero-superiorly to the spleen (21). 
which itself lay on the left diaphragm, to come into 
more normal lateral relationship with the left kidney 
(13). 

The pelvic colon (10) was unnaturally mobile and 
ran from the left iliac fossa upwards and then across 
in a wide sweep to the right iliac fossa, where it 
entered the pelvis minor on the right side. In its sweep 
it embraced the left ovary and fallopian tube which 
lay on its mesentery to the right side of the mid-line. 
The uterus (11) was rotated through 30 degrees, so as 
to face to the left. 

The heart (2) was of normal size and shape, 
although it lay in the right thoracic cavity. 

There was a large patent inter-auricular septum, but 
no interventricular communication. The pulmonary 
artery was of average size, both in length and 
diameter. The ductus arteriosus was more prominent 
and of wider lumen than the aorta. It was 2 cm. in 
length from the origin of the left pulmonary artery 
to its junction with the aorta beyond the left sub- 
clavian artery. It formed a complete right angle with 
the descending aorta, and ran almost parallel to the 
ascending aorta in the manner shown (see diagram). 

In its descending and abdominal portions the aorta 
appeared to be normal in length, lumen, and anatomi- 
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cal position. Although the trachea was anatomically 
displaced to the right, it was normal in size and shape. 

The oesophagus maintained normal relationship 
with the aorta until its emergence at the diaphragm. 
There was no diaphragm to the left and anteriorly, 
although there was a thin muscular slip to the left 
posteriorly, and a fully formed diaphragm to the right. 

The stomaeh lay along the left border of the dorsal 
vertebrae and it was of normal size and shape. No 
abnormality of pylorus or duodenum was observed. 



(4) innominate artery ; (5) left pulmonary artery ; 

(6) ductus arteriosus ; (7) right carotid artery ; 

(8) subclavian artery ; (9) descending aorta. 

The kidneys (12 and 13) were normal anatomically 
and histologically. So were the ureters and bladder. 
The adrenal glands (14 and 15) were normal in size, 
shape, and position. The pancreas was displaced up- 
wards into the left thoracic cavity. The spleen (21) 
lay on the thin slip of left diaphragm within the chest 
wall. 

Case 2. — A male baby of three days was admitted 
with his mother to hospital because of marked 
oedema of the lower half of the body, jaundice, 
vomiting, and loose stools. This infant, the second 
child, was born at home. Delivery had been normal, 
and the weight at birth was 6 lb. 9 oz. 

Two events had interrupted the otherwise normal 
course of pregnancy. Towards the end of the third 
month of the pregnancy the mother had contracted 
rubella. The infection was mild and did not appreci- 
ably affect her general condition. At four month-s 
she was threatened by abortion. After a few days’ rest 
in bed the danger passed, and the further course of the 
pregnancy remained uneventful. 

The first child, aged 15 months, was well. The 
parental history did not reveal anything relevant. 


Cliiiicnl findings . — ^The infant was normal, well 
developed, slightly jaundiced, with extensive oedema 
of feet, legs, scrotum, and genital area, sacral region, 
and lower abdominal wall. Heart, lungs, abdomen, 
urine, and blood were all normal. Bilateral cataraets 
were noticed a few days after admission. Apart from 
a large anterior fontanelle the skull was normal. 

In the course of the following week oedema sub- 
sided and the jaundice cleared completely ; the infant 
took the breast well and started to gain weight. On 
the tenth day after admission mother and baby left 
hospital. 

Fourteen days later the infant, now artificially fed, 
developed fulminant bronehopneumonia and paren- 
teral gastro-enteritis, and was readmitted in a mori- 
bund condition. He died within thirty-six hours. 

Post-mortem findings . — ^The body appeared norm- 
ally formed but was small. There was slight dehydra- 
tion. There was bilateral congenital cataract. Out of 
deference to the parents the eyes were not lentoved. 
The cause of death was bilateral pneumonia, more 
advanced in the right lung. The heart was typically 
“ sabot ” shaped. There was dilatation of the right 
chambers. The ductus arteriosus was widely patent, 
its lumen not much less than that of the pulmonary 
artery, although the wall was thinner. Its endothelium 
was smooth, unwrinkled, and directly continuous with 
that of the larger arteries. Microscopic examination 
did not show any evidence of obliterative endarteritis 
in the patent ductus arteriosus. No abnormality was 
found in the glomeruli of the kidneys. 

Discussion 

The association of rubella in the first three 
months of pregnancy with congenital defects in 
the foetus has been noted by Clayton-Jones (1947), 
Hughes (1945), and Hope-Simpson (1944) amongst 
others in this country. Most investigations have 
been made by tracing histories from children show- 
ing congenital defects to a maternal infection 
(Swann, 1944 ; Clayton-Jones, 1947 ; Conte and 
others, 1945 ; Erickson, 1944). 

A different line of investigation was followed 
by Fox and Bortin (1946). They reviewed the noti- 
fications of rubella in a certain community over a 
period of three years. The total number of cases 
in all classes of people was more than 22,000. Of 
152 married women notified, eleven were pregnant. 
Nine of these were in the first four months of their 
term. In these cases there was one twin birth, one 
blue baby with hydrocephalus which receded spon- 
taneously, and one stillborn hydrocephalic. The 
remaining children were normal. 

Parsons (1946a) states that causal relationship 
between maternal rubella and congenital defects 
has not been definitely proved, and in a further 
paper (1946b) he discusses some of the difficulties 
of the theory. Swan (1944) describes patency of 
the ductus arteriosus in his series of babies coming 
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to necropsy. Gregg is quoted (Parsons, 1946b) as 
finding forty-four cases of congenital heart disease 
out of seventy-eight affected infants. 

Other abnormalities described have been mental 
retardation, microcephaly, mongolism, hypo- 
spadias, talipes equino-varus, and synostosis of 
radius and ulna-or tibia and fibula. 

Congenital diaphragmatic hernia has not hitherto 
been described in the literature as one of the 
developmental defects occurring in association 
with maternal rubella. 

The diaphragmatic hernia in Case 1 differs from 
the common form, in which all diaphragmatic seg- 
ments are present but a patency exists between the 
pleural and peritoneal cavities. This pleuroperi- 
toneal hiatus, or foramen of Bachdalek, may vary 
in ■ size, but it is surrounded by diaphragmatic 
elements. Abassy has quoted Dickson as saying 
that diaphragmatic hernia is seen in one case out 
of each hundred routine gastric radiographs. 

In this case there was a total absence of the 
anterior two-thirds of the left half of the dia- 
phragm. There was, however, a small muscu- 
lar slip to represent the posterior third of the 
diaphragm. 

Developmentally the diaphragm arises in four 
main parts; a ventral, a dorsal, and a right and 
a. left lateral. The ventral part is formed from a 
septum transversum which is gradually differen- 
tiated into a caudal, an intermediate, and a cephalic 
part. It is from the intermediate portion that the 
ventral part of the diaphragm is formed. The 
dorsal portion of the diaphragm arises from the 
mesoderm of the dorsal mesentery of the foregut. 
The two lateral portions grow towards the median 
plane until they fuse with the dorsal portion. 

The present appearance of the diaphragm would 
suggest that there had been a failure of growth of 
the left lateral portion and of the left half of the 
ventral portion. It resulted in a ver\' rudimcntarj' 
left half of the diaphragm, and this gross dia- 
phragmatic hernia. 

The time of formation of the diaphragm from 
its various elements is from the eighth week 
onwards, after the pericardial cavity has already 
been shaped. The inter-atrial and inters’entricular 
septa begin to develop between the fourth and sixth 
weeks. The former is the result of the coalescence 
of the primary and secondary septa. Their fusion 
is partial and leaves the foramen ovale. The valve 
of the foramen is formed in the fourth month. 
The interventricular septum arises in the lower 
part of the primitive ventricle, and grows upwards 
to meet the cndocardi.al cushions and the septum 
developing in the bulbus arteriosus. The lower 


part is complete about the eighth week, and the 
septum of the bulbus arteriosus a few days earlier. 

In Case 1 the mother was stated to have suffered 
from rubella when ten weeks pregnant. , The time 
of formation of the diaphragm is about the eighth 
week. The possibility that the maternal disease 
and the time of formation of the affected part 
coincided is not to be lightly dismissed. 

In Case 2 the mother suffered from rubella at 
about the third month. The ductus arteriosus- 
forms about the sixth week ; the valve of the intra- 
atrial septum about the sixteenth week ; the inter- 
atrial septum about the eighth week. Thus the 
infection W'ould have had ample opportunity to 
interfere with the development of the cardiac septa. 

Parsons (1946b) has canvassed the possibility of 
strain differences, as well as emphasizing the diffi- 
culties of diagnosis. This is a point which most 
authors in this country stress. Some support for 
the theory' is given by Conte and others (1945), 
who found that the incidence of rubella in the 
appropriate months of pregnancy in mothers of 
children with congenital abnormalities was ten 
times the expected rate for women of the child- 
bearing age of the population at large. 

Swan and others (1946) do not deal only .with 
rubella as an antecedent of congenital defect 
They list cases in which influenza, scarlet fever, 
herpes zoster, varicella, and mumps, together with 
one of “pustular rash,” were antecedents. 

Summary 

Post-mortem recorc^ of two infants with con- 
genital malformaUons following maternal rubella 
are described. Case 1 presented an unusual form 
of congenital diaphragmatic hernia and a widelv 
patent ductus arteriosus. Case 2 had bilateral con- 
genital cataract and a wide patency of the ductus 
arteriosus. 


We wish to thank Mr. G. G. Alderson, under whose 
care Case 1 was bom and who has encouraced publi- 
cation of the case ; Dr. J. Wearing for takin" j-rav 
photographs ; and Mr. T. L. Skusc and Mr. G. Wrich't 
for technical assistance. 
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Before the second world war several investi- 
gators had demonstrated the possibility of actively 
immunizing man against tetanus (Ramon and 
Zoeller, 1927 ; Jones and Moss, 1937 ; Marvell and 
Parish, 1940 ; Wolters and Dehmel, 1940). During 
the war this method was tested on a large scale, 
for in the allied armies prophylaxis against tetanus 
was based almost entirely on active immunization. 
Reports so far clearly indicate its value and its 
superiority to serum prophylaxis (Boyd and 
MacLennan, 1942 ; Long, 1946 ; Ramon, 1946). 

Comparison between Active and Passive Immunity 

The amount of antitoxin per ml. of serum 
required for protection against tStanus after active 
immunization of man can be estimated in at least 
two different ways; (1) by determining the level 
of antitoxin capable of protecting actively im- 
munized animals against artificial infection ; (2) by 
c'onsideration of the amount of antitoxin known to 
be generally effective in passive prophylaxis against 
tetanus in man. 

The first method takes no account of the differ- 
ence in susceptibility to tetanus toxin between man 
and animal nor to the difficulties in estimating 
the amount and rate of toxin production in the 
artificial infection or its relation to that occurring 
in naturally sustained injuries. Since in the patho- 
genesis of tetanus the intoxication predominates 
and the infection plays a minor part, the totql 
amount of antitoxin available as well as its con- 
centration must be of great importance, and no 
direct conclusions should be drawn from experi- 
ments on small laboratory animals. 

Accordingly we adopted the second method, 
which depends on the established fact that 3,000 
I.U. of antitoxin gives effective protection against 
tetanus for eight to twelve days after injection. 

Titrations of tetanus antitoxin in serum after 
passive immunization have been reported by 
Sneath (1934) and Gold (1941). Three days after 
injection of 3,000 I.U. the serum antitoxin level 
lay between 0.2 and 0.5 I.U. per ml. ; a week after 
injection it lay between 0.02 and 0.2 I.U,. per ml. 


In order to estimate the passive immunity the 
antitoxin litre in the scrum of a number of out- 
patients was determined at varying intervals after 
the intramuscular injection of 3,000 I.U. of un- 
refined tetanus antitoxin, which was given as for 
routine prophylaxis after accidental injuries. (This 
work, begun in 1943, is referred to in a paper by 
Ericsson and others, 1944.) The titrations were 
carried out by a micro-method, a modification of . 
the standard method used for routine purposes in 
the manufacture of the commercial products of 
this laboratory. 

Three times the quantity of tetanus toxin, which in 
titration against international standard scrum has been 
found to correspond to 0.005 I.U.,. is mixed with 
1.5 ml. of undiluted serum or serum dilution. One 
third of the mixture is injected into each of two 16-g. 
mice. If both survive, the serum sample or dilution 
is considered as containing more than 0.005 I.U. per 
0.5 ml. 

The method thus allows the determination of a 
minimum concentration of 0.01 I.U. tetanus anti- 
toxin per ml. The results for 56 bleedings are 
given in the Figure. On the Y axis the absolute 
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Figure. — Showing the total amount of antitoxin available 
in serum after the injection of 3,000 I.U. 
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amount of antitoxin available in the patient’s 
circulation is plotted, on the assumption that the 
patient has 40 ml. of serum per kg, of body-weight. 

The values obtained vary considerably from one 
patient to another. During the first eight days 40 
out of 43 values lie above 250 I.U. ; during the 
following days only 3 out of 13 exceed that value. 
Having assumed that passive immunity is effective 
for eight days, we concluded that satisfactory- pro- 
tection against tetanus requires 250 I.U. of circula- 
ting antitoxin, corresponding to 0.1 I.U. per ml. 
serum in a 65-kg. man. Such a titre should offer 
reasonable protection against tetanus in man, and 
if the same titre is 'achieved by active immuniza- 
tion a broad safety margin is gained through the 
inherent superiority of active immunity. 

There .was no opportunity of titrating serum 
antitoxin in patients given a second injection of 
antitoxin. If the second injection is from an 
animal species different from the first, the rate of 
loss of antitoxin should not differ from that in the 
first injection. The opportunities of using serum 
from different animal sources are few, and con- 
sequently for second passive immunization serum 
from the same species often has to be used. 
Though the risks of disagreeable and even danger- 
ous reactions after such a procedure have long 
been recognized, less attention has been paid to 
the reduced efficacy of the second dose. Accord- 
ing to general rules of immunology, one w'ould 
expect the rate of loss of antitoxin after the second 
dose of heterologous serum from the same species 
to be greater than that after the first dose, since 
a greater capacity for, eliminating heterologous 
serum must be present at the second injection. 
The practical importance of this has been pointed 
out by Ramon and his co-workers (1939), but there 
arc very few direct observations bearing on this 
question. Since the estimation of the efficacy of 
passive immunization is based -on primary injec- 
tions, the comparison between active and passive 
prophylaxis should be based on primary injec- 
tions of antitoxic serum. 

Active Immunization 

The adsorbed toxoid used in these investigations 
is that produced regularly at the State Bacterio- 
logical Laboratory. It is prepared according to a 
method primarily elaborated for the production 
of adsorbed diphtheria toxoid. This method has 
already been described (Ericsson, 1946). 

The method involves predpilation of toxoid -with 
trichloracetic acid and resolution of the precipitate in 
Na;HPO,. The addition of AiCI, to this solution 
gives a precipitate of .-XiPO, to which the active sub- 
stance is adsorbed. No washing of this precipitate is 

Z* 


done. The difficulty of obtaining accurate floccula- 
tion of the purified preparation prevents an exzct 
determination of the amount of active substance in 
the final product. However, in view of the titre of 
10 to 15 Lf of the raw material, the content of the 
final product may be estimated at 30 Lf/mL Guinea- 
pigs weighing 250 to 300 g., to which 1 ml. of toxoid 
is given (the dose designed for human use), will give 
a titre of more than 1 I.U, /ml. of serum in more than 
half the animals after six weeks. 

Ninety-seven healthy men, 20 years of age7 
who had not received an anti-tetanus inoculation 
were used in the following experiment. A prelim- 
inary test of every fourth person failed to show 
the presence of naturally occurring tetanus anti-_ 
toxin in any serum. A single injection of tetanus 
toxoid was given to each man, followed 6 months 
later by a booster dose. Table I shows the litres 
of antitoxin achieved. 

TABLE I 

SHOWING THE RESULTS ACHIEVED BY ACTIVE 
IMMUNIZATION' 


• Number of patients with the following 
; amount of antitoxin in serum 


Immunization 

j <0.01 j 0.01-0.1 

1 0.1-1 .Oj 

>1.0 j 

i 

\ Not 
[tested 

No immuniza- j 
tion . . 1 

1 month after , 
angle dose ! 

' 25 j ! 

i i 

1 16 j 64 

I 1 

i 

1 , 
i ! 

i 72 

6 months after j 
single dose 1 

i ( i 

j 1 1 23 i 

43 ! 

j j 

1 30 

4 days after ■ 

' 1 1 

' 1 

1 1 

booster dose 

1 I ! 8 : 

1 68 1 


: 20 

8 days after 

I ! 1 



booster dose j 

1 M i 

i 

i 76 i 

i I 

20 


Bleedings one month after the injection show 
that it is impossible to obtain, within this space of 
time, an immunity comparable to that produced 
by passive immunization. The bleedings per- 
formed five months later disclosed a marked 
increase in the immunitv’, proving that the anti- 
genic stimulus by adsorbed toxoid had' continued 
for more than a month. These experiments on 
man confirm the findings of Faragd (1935). who, 
when immunizing guinea-pigs, showed that the 
depot of adsorbed toxoid retained its antincnic 
properties for thirty-eight days. 

The immunity brought about by active immuni- 
zation w’iih toxoid is inferior even after one month 
to the best result achieved by scrum prophylaxis. 
Therefore primaiy active immunization is "of no 
value in the case of an injury unless healing !«. 
likely to be so protracted that there is a ris'^ of 
tetanus even after one month. 
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The production of antitoxin following the 
booster dose was of quite a different magnitude 
and appeared much more" rapidly ' than the 
antitoxin production after the primary injection 
(Glenny and Siidmersen, 1921). Within four days, 
that is, within the probable incubation period of 
tetanus, the booster dose gives an immunity that 
equals that of the usual passive prophylaxis and, 
during the following days, surpasses the level 
of passive immunity. In a person who has already 
been subjected to basal active immunization a 
booster dose . of toxoid may thus be substituted 
for the passive prophylaxis. 

The results obtained from these studies indicate 
that the adsorption of the active substa'nce on the 
precipitate is not so complete as to impair the effec- 
tiveness of the toxoid administered as a booster dose. 
These experiences seem to contradict Miller and 
Humber’s (1943) results, according to which fluid 
toxoid and not an alum-precipitated 'one should 
be used for the booster dose. However, the differ- 
ence may be explained by the different method 
employed for the production of the Swedish toxoid. 
The alum precipitation method usually includes a 
thorough washing of the precipitate, and it may be 
assumed that all the activity present is fixed to the 
precipitate. According to our method the pre- 
cipitate of AlPOi, the formation of which seems 
to be the main feature of both the methods, is 
obtained through the addition of AlCl, to the 
solution of NaP 04 .' Since the purification takes 
place at an earlier stage in the procedure, and no 
irritating products are formed by the precipitation, 
no washing is necessary. Thus the method gives 
a certain amount of active substance in the super- 
natant fluid. The difficulty of obtaining accurate 
flocculations of the toxoid prevents, as already 
stated, exact determinations. In diphtheria toxoid 
prepared according to the same method, about one- 
fourth of the active substance remains in solution, 
and approximately the same proportion may be 
assumed to remain in tetanus toxoid. The fact that 
a certain amount of the active substance of our 
adsorbed toxoid remains in the solution should be 
regarded as an advantage, rendering it suitable 
for the booster dose as well as for the primary 
injection. 


Combined Passive and Active Immunization 

Since active immunization is of no immediate 
value to an injured individual not previously sub- 
jected to basal immunization, and as we had to 
take into account the possible use of serum pro- 
phylaxis in the future, it was essential to examine 
the possibility of attaining a basal active immunity 


simultaneously with the application of serum 
prophylaxis. 

Investigations performed by Otten and Henne- 
mann (1939) on guinea-pigs, and by Cooke and 
Jones (1943) on man, have established that passive 
immunization impairs the development of active 
immunity. - 

Preliminary experiments on guinea-pigs were 
made with our toxoid. Nineteen animals were 
injected simultaneously but into different sites with 
1 ml. of toxoid and 3,000 I.U. of antitoxin (horse). 
Bleedings were taken on the fourteenth, twenty- 
eighth, and forty-second days. A control group of 
six animals w'as subjected to injections with toxoid 
only, and the animals were bled on the forty- 
second day. The results are shown in Table II. 

TABLE II 

SHOWING THE RESULTS ACHIEVED BY COMBINED 

PASSIVE AND ACTTS'E IMMUNIZATION OF GUINEA-PIGS* 


Test animals 


Number of animals with the 
following amount of antitoxin 
in serum (I.U. /ml.) 



I <0.01 

o.oi-So.i 

O.l-l.O 

>1.0 

Test animals : 

14th day . . 


3 

7 

9 

28 th 

42nd,, .. 

Conti-ol animals : 

42nd day. . 

i 

13 

19 

6 

1 

5 


*Thc test nnimals were given 1,0 ml. of toxoid and 3»000 T.U. of 
antitoxin simultaneously. The control nnimals were given 1.0 ml. of 
toxoid only. '' < 


They clearly prove the inhibition of active im- 
munization by the heterologous passive immunity, 
brought on by the simultaneous injection of anti- 
toxic horse serum. 


Clinical trials have also been carried out. Since 
the beginning of 1944 all the patients at the out- 
patients department of the surgical clinic of the 
Caroline Hospital, Stockholm, suffering from 
injuries suspected of being infected with tetanus, 
were given 1 ml. of toxoid subcutaneously and 
3,000 I.U. of horse serum intramuscularly. Two 
to three years later, seventy of these patients were 
examined to determine their antitoxin serum titres 
and the effect of a booster dose of toxoid. At the 
first examination, bleedings were made for titration 
of antitoxin in serum, and at the same time a 
booster dose of 1.0 ml. of toxoid was administered. 
The effect of the booster dose was determined by 
further serum titrations four to nine days later. 
Only thirty-six patients reported for the second 
control examination. The results are indicated in 
Table III. 
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Out of seventy persons tested, thirty-two showed 
direct evidence of residual immunity as demon- 
strated by a measurable titre of antitoxin in serum 

TABLE m 

SHOWING THE REStAINlNG UTREABLE LMMUNTTY IN 
PATIENTS TWO TO THREE YEARS AFTER COSmEVED 
PASSIVE AND ACTIVE IMMUN12:ATI0N AND THE EFFECT 
OF A BOOSTER DOSE 


" Number, of patients showing the 
following amount of antitoxin in 
semm (I.U./ml.) 



<0.01 

[ 0.01-0.1 

0.1-0.5 0.5-2.0j 

V 

b 

Before booster 
dose • 

38 

27 ' 

; 1 

1 1 

1 1 1 i 

1 

3 

4-5 days after 
booster dose 

1 

4 ; 

5 

1 » 

1 


6-9 days after 
booster dose 

1 

i ^ 

1 7 7 i 

1 1 

1 9 


two to three years after combined active and pas- 
sive immunization, but only five of them had a 
satisfactory immunity according to our require- 
ments. They did not show any definite rise in anti- 
toxin content of serum four to five days after the 
booster dose, but six to nine days after there was 
a marked rise. In only one case out of twenty- 
six was the response inadequate. 

These investigations show that the combined 
active-passive immunization procedure has an 
effect that may still be demonstrated two to three 
years later by direct titration of the antitoxin con- 
tent of serum or by the reaction following a 
booster dose.- The antigenic stimulus remains, 
therefore, even after the disappearance of the 
passive immunity. In accordance with this finding 
a single injection of toxoid, even though this be 
administered together with the usual prophylactic 
dose of serum, produces a basal immunity, and 
in the event of another injurj' a booster dose of 
toxoid without antitoxin wilt give adequate pro- 
tection. Although we do not in any way question 
the results of Cooke and Jones (1943), who 
worked with much higher doses of serum, our 
results show that the dose of serum generally used 
for prophylaxis does not notably impair the effect 
of our toxoid. 

The basal immunity is also of direct practical 
■ importance in the prophylaxis of tetanus follow- 
ing minor injuries which are not treated by a 
physician. Experience has shown that many cases 
of tetanus occur after such injuries, and that 
certain occupations carry a heaw risk in this 
respect. The primary’ injection makes a small 


amount of antitoxin available for a long period. 
This antitoxin neutralizes the toxin initially pro- 
duced ; the latter acts as a booster dose and causes 
a further rise in the antitoxin titre. Wolters and 
Dehmel (1940) showed m man that the quantity 
of toxin which may be produced after a naturally 
sustained injury actually has a considerable anti- 
genic effect in an already actively immunized 
organism. In view of present knowledge a further 
condition must be stipulated ; that there should be 
no passive immunity present that might interfere 
with the antigenic stimulus. 

Practical Conclusions 

Considering the results of the present investiga- 
tions the following practical rules regarding pro- 
phylaxis against tetanus may be recommended. 

An injury involving a risk of tetanus in.a person 
not previously actively immunized should be 
treated with simultaneous active and passive im- 
munization. Even better results would, no doubt, 
be achieved if the active immunization were not 
initiated until passive immunity had Vanished. 
Still, since the attention of physician and patient 
is more easily directed to the prophylaxis against 
tetanus directly after an injury, • simultaneous 
pass.ve and active immunization is recommended. 
When, following a severe injuo'j a higher dose of 
serum than usual is required, the antigenic 
stimulus of the toxoid should be protracted so as 
to exceed the duration of the passive immunity. 
This protraction may be obtained by a second dose 
of toxoid or by postponing the first dose of toxoid. 

In children prophylaxis against tetanus may be 
effected by the injection of a mixed tetanus and 
diphtfferia toxoid. This procedure does not give 
rise to any disagreeable reactions and produces 
good results (Bigler and Werner, 1941). Any 
scheme of inoculation that affords good protection 
agahst diphtheria will also protect against tetanus 
arising from small injuries not treated by a ph\-si- 
cian. A booster dose should be given after major 
injuries, but serum prophylaxis should -never be 
necessary if the child has once been actively 
immunized 

Experience from the second world war has 
served to improve the prophylaxis in military 
forces during wartime. As a preparatorj- measure 
tetanus toxoid may be used in the military forces 
in peacetime and should be administered” at the 
beginning and at the end of the first compulsory 
training period, the two injections being thus about 
one year apart. Booster doses should be given at 
mobilization and to all battle casualties. Under 
these circumstances scrum should be unnecessary. 
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Summary 

By determining the amount of antitoxin in the 
serum of patients after the generally adopted dose 
of 3,000 I.U. of tetanus antitoxin the minimum 
amount of circulating antitoxin which gives pro- 
tection against tetanus was estimated. The value 
found corresponds to' 0.1 I.U. per ml. in a man 
weighing 65 kg. 

This level may be achieved by an injection of 
adsorbed toxoid followed, at the time of injury, by 
a booster dose of the same toxoid. In man the 
main effect of the primary injection is not influ- 
enced by a simultaneous dose of 3,000 I.U. of 
antitoxin. 

Conclusions are drawn as to the practical appli- 
cation of these experiences in prophylaxis against 
tetanus. 
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THE VALUE OF LIQUOID FOR BLOOD CULTURE 

BY 

R. D. STUART 

From (he Central Public Health Laboratory, Glasgow* 

(RECEUTD FOR PUBUCATION’, JULY 22, 1948) 


No single medium has been devised that is 
suitable for. the cultivation of ever>' type of micro- 
organism from the blood. Penfold and others 
(1940) confirmed the findings of Elliott (1938) on 
the superiority of saponin broth for the cultivation 
of Strep, viridans, Hoare (1939) stressed the value 
of trypsin liver broth in the isolation of anaerobic 
streptococci from patients with puerperal infec- 
tions, and more fastidious organisms need even 
more specialized media. Although these and 
other recommendations can be accepted, yet the 
difficulties of putting the various suggestions into 
practice have not been sufficiently emphasized. 
Butler (1937) in an important monograph enumer- 
ates four different media to be inoculated at the 
bedside. Penfold and others, while drawing 
attention to Butler’s relatively elaborate technique, 
themselves recommend four media as a convenient 
range for routine work. Their methods suggest 
the need for considerable technical experience and 
indicate the care required to avoid contamination. 
The difficulty of maintaining sterility in technique 
at the patient’s bedside is considerable, and is 
increased by each additional manipulation. In 
many quarters this has led to the belief that the 
bacteriologist must actually withdraw the blood 
as well as carry out the culture. This involves 
waste of time, even in a hospital, and is impracti- 
cable in a public service. Again it is frequently 
impossible for the bacteriologist to be present at 
the time most favourable for blood culture. Most 
of the difficulties arise from the need to distribute 
the blood into a variety of media immediately 
after withdrawal. If blood could reach the 
laboratory in a suitable state, with the infecting 
organisms unharmed, these troubles would be 
solved. It seemed likely from the published 
evidence that the use of liquoid would satisfy these 
requirements. 

Liquoid (Hoflman-La Roche) is sodium polyancthol 
sulphonate. It has been recognized since 1930 as a 
powerful .anticoagulant (Dcmolc and Rcinert), Batli- 
stini (1932) first noted that its property of inactivating 
complement, thus destroying the bactericidal power of 


human plasma, made it valuable for blood cultures. 
Massa and Battistini (1934) used patient’s blood 
treated with 0.16 per cent liquoid as a self-contained 
culture medium, and claimed excellent results in 
enteric fever, meningilis, pneumonia, and septic infec- 
tions. Neisner and Volepcovd (1934) recommended 
■■ liquoid blood " as a transport medium, and many 
other Continental workers supported the original 
claim of its usefulness in investigating bacteraemic 
conditions. Most of these workers used liquoid in a 
concentration of 0.1 to 0.2 per cent. In this country 
von Haebler and Miles (1938) presented experimental 
evidence to show that liquoid in a strength of 0.05 per 
cent, either alone or incorporated in broth, was excel- 
lent for blood culture, but that higher concentrations 
were cccasionally unfavourable. Hoare in general 
confirmed the findings of these workers but remarked 
that 0.08 per cent liquoid in liver broth was experi- 
mentally inferior to trypsin fiver broth for the culti- 
vation of anaerobic streptococci. Penfold and others 
used liquoid broth and “ liquoid blood ” parallel with 
other media in 160 routine blood cultures, and found 
no evidence to suggest any advantage from their use. 
Most of their cultures, however, were carried out with 
liquoid in a final concentration of 0.17 per cent, rriore 
than three limes that recommended by von Haebler 
and Miles. 

Further information on the rationale of the use 
of liquoid was provided by Auxilia (1934), who 
pointed out that, in addition to destroying bacteri- 
cidal complement, it interfered with the phagocytic 
activity of leucocytes. Allgower (1947) went 
further, and showed that in experimental tissue 
cultures traces of liquoid completely prevented 
phagocytosis, and concentrations as low as 0.01 
per cent exerted ah obvious inhibitory efTcct on 
leucocytic migration. 

Accordingly it was decided to use liquoid- 
treated blood both as a transport medium and as 
a culture medium and to carry out routine aerobic 
and anaerobic cultures with small volumes of the 
blood on various media in addition to incubating 
it as a self-contained culture. At the same time 
the results of parallel cultures in an average 
“ enriched ” broth medium were to be compared. 

•N3«- Bictsr.o&ty cCrjr!“;. P!rr»!"i55S5T''GS'rSv 
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Methods 

These were selected as suitable for the large 
general hospital in which this work was carried 
out. 

Blood-cuUurc outfit. — This consisted of a lO-oz. 
bottle with a perforated cap and a rubber liner, con- 
taining 100 ml. papain digest broth and 5 ml. of 
sheep’s blood (boiled blood broth). To this- wa's 
attached by a string loop a small 1-oz. (H. 53 U.G.B.) 
bottle with the screw cap similarly adapted containing 
1 ml. of 0.3 per cent liquoid in saline. Both bottles 
were sterilized by autoclaving. - A dry sterilized 
syringe and two needles were also provided. 

Ward tcchniquc.-^This varied according to the 
preference of different hospital units. The method 
recommended was to swab the patient’s arm first with 
spirit-soap or ether-soap, then with surgical spirit. 
Approximately 10 ml. of blood was taken from the 
patient and the needle detached from the syringe. The 
second needle was then fitted to the syringe with a 
sterile forceps, and 5 ml. of blood was ejected into 
each bottle by perforating the rubber cap. 

Laboratory teebaique. — Both bottles were incu- 
bated for 24 hours except under special circumstances ; 
0.5 ml. of “liquoid blood’’ was then distributed by 
pipette to each of two tubes, one of nutrient broth, 
one of thioglycollate broth (Brewer, 1940). At the 
same time a drop of blood was spread on a blood-agar 
plate and another was smeared on a slide. From the . 
ordinary blood culture bottle subcultures were made 
to blood agar in the usual way. This routine was re- 
repeated after a further 24 hours’ incubation of the 
original bottles. Anaerobic plate cultures were 
carried out as required to confirm the character or 
establish the identity of organisms seen in films from 
the boiled blood broth or Brewer’s medium but which 
failed to grow aerobically on solid media. The sub- 
cultures and original blood cultures were examined 
regularly and were not considered negative until after 
7 days’ incubation. For special examinations the 
“liquoid blood” was occasionally subcultured to 
other media, according to indication. .- 

Results 

Eight hundred and sixteen blood cultures were 
made, of which 170, from 141 patients, were 
positive. The Table shows the relative values of ' 
the methods used. The times given indicate 
approximately the period of incubation before 
subculture to a solid medium was successful. In 
most instances the “ liquoid blood ” inoculum was 
taken directly from the blood culture bottle, but 
it was occasionally taken from an early subculture 
in nutrient or thioglycollate broth. 

In the course of this work liquoid was found to 
have advantages other than the maintenance of 
blood in a state suitable for diagnostic culture. 


Sometimes measured amounts of “ liquoid blood ” 
Were dispersed in poured plates for the estimation 
of degrees of bacteraemia, and the blood plasma 
obtained on standing or by centrifuging was also, 
sometimes used for agglutination tests. Repeated 
examinations showed no signifieant difference 
between the agglutinin titres of serum and 
“liquoid plasma” from the same source. Thus 
it was occasionally possible to obtain a serological 
diagnosis by demonstrating a higher titre in 
. a serum taken for Widal examination than 
in the “ liquoid plasma ” of an earlier blood 
culture. On one occasion a “liquoid blood” 
culture was obtained from a nurse who had been 
ill for one week with fever and vague pains in the 
joints. Four days later her scrum Widal test was 
positive to S. paratyphi-B 1/5,000 (H), 1/320 (O), . 
while the titre of the plasma from her earlier 
blood culture was only 1/640 (H), negative (O). 
From repeated examinations of similar specimens 
during periods of incubation the loss in agglutinin 
titre during such incubation was known to be 
trifling, and . the rise in titre so demonstrated 
established the diagnosis of paratyphoid fever. 
It was also possible to obtain an early indication 
of enteric infection by serological tests on plasma 
from a “ liquoid blood ” culture and later to con- 
firm the diagnosis by the isolation of the infecting 
organism from the same specimen. S. paratyphi-B 
was isolated from such a blood culture with 
a specific plasma titre of 1/3,200 -(H), 1/50 
(O). By similar methods it was occasionally pos- 
sible to determine the aetiological importance of 
organisms of doubtful pathogenicity. Thus the 
recovery of B. coli from a patient’s blood became 
significant when the “ liquoid plasma ” was 
found to agglutinate the organism to. a titre of 
1/1,280, On three occasions the diagnosis of 
Weil’s disease was suggested by a positive sero- 
logical test on liquoid plasma before it was 
clinically suspected. 

Discussion 

This is the largest series so far reported of 
blood cultures in which the use of liquoid has been 
compared directly with more usual methods. 

“ Liquoid blood ” has proved to be a good culture 
medium, but it is now suggested that liquoid is 
most valuable as a vehicle in which a specimen of 
blood can be brought to the laboratory for the 
bacteriologist’s investigations. It can then be 
distributed into various culture media as con- 
sidered advisable. This answers any criticism 
suggested by the results of Hoare or of Penfold ' 
and others, who used “ liquoid blood ” itself as a 
culture medium. Direct trial against a variety of 
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other recommended culture media has not been 
attempted, but subculture to digest broth. Brewer’s 
thioglycollate broth, and blood agar appears to 
allow successful isolation of most of the bacteria 
likely to be encountered in hospital practice. 
Penfold and others, using saponin broth, obtained 
eleven positive results in eleven cultures from 
patients with Strep, viridaiis infections, figures 
much superior to those obtained with other culture 
media used in parallel. In this series forty-six 
positive Strep, viridans cultures out of a possible 
total of forty-eight were obtained both from 
“ liquoid blood ” and from the enriched broth used 
in parallel. That the failures, one by each method, 
were probably due to the chance distribution of 
bacteria in blood specimens, is suggested by the 
occasional finding that in one blood culture the 
infecting organism might grow luxuriantly from 
boiled blood broth and poorly, or not at all, from 
liquoid, while in a further specimen from the 
same individual a few days later the reverse 
would be e.\perienced. During this period of trial 
no case of subacute bacterial endocarditis due to 
this infection came to necropsy without a previous 
diagnosis by blood culture ; and it is unlikely that 
any established Strep, viridans septicaemia re- 
mained undetected. It can therefore be assumed 
that for ordinary aerobic bacteria the use of 
“ liquoid blood ” for transport and subculture into 
the suggested media is as good as the use of other 


recommended media, but for certain bacteria it has 
advantages. In this series anaerobic streptococci, 
fusiform bacilli, and F. necrophoriis were isolated 
more frequently from the “ liquoid blood ” speci- 
men. This was undoubtedly due to the routine use 
of a convenient clear anaerobic fluid medium 
(Brewer’s) for subculture. Much heavier inocula 
can be used than in subcultures from ordinarj' 
broth to solid media for anaerobic incubation, 
with the consequent greater opportunity of re- 
covering such bacteria. Routine anaerobic incuba- 
tion of subcultures to solid media is also thought 
in many busy laboratories to be unduly laborious. 
Early growth in this thioglycollate medium is much 
more easily seen than in Robertson’s meat medium 
or in liver broth recommended by other workers. 
Again, an organism such as L. icteroliaemorrha- 
giae can never be grown from any ordinary culture 
medium, yet a small amount of a “liquoid blood ’’ 
specimen can readily be subcultured to a special 
leptospiral medium if suspicion of such an infec- 
tion arises. Although leptospirae were recovered 
only on one occasion in this series, the general suit- 
ability of the procedure has been demonstrated by 
numerous isolations from the blood of infected 
guinea-pigs {Stuart, 1943). Since this investigation 
was completed Allison (1944) has also mentioned 
the use of liquoid as a vehicle for the transport of 
blood culture specimens. , 


table- 

comparative CUETURE RESULTS FROM BOILED BLOOD BROTH AND “ LIQUOID BLOOD ” 


Organism 

No. of 
patients 

Total 
no. of 1 
positive 
cultures 

Boiled blood broth 

Liquoid 

-b B 
- L 

-I- 1 

f-tH 

24 : 
hrs. 

t 

48 

hrs. 

Later 

Total 

24 

hrs. 

48 

hrs. 

Later 

Total 

Staph, pyogenes 

38 

42 

22 

12 

3 

37 

25 

11 

2 

38 

4 

5 

Strep, pyogenes 

20 

21 

19 

— 

— 

19 

IS 

1 

0 

19 

y 

2 

Strep, viridans 

37 

48 

23 

20 

3 

46 

27 

16 

3 

46 

2 

2 

Strep, non-liaemolytic . . 

4 

5 

2 

0 

1 

3 

2 

I 

1 

4 

1 

2 

Strep, anaerobic 

3 

3 

0 

0 

2 

2 

0 

2 

1 

3 

0 

I 

Strep, pneumoniae 

9 

9 

8 

0 

0 

8 

9 

0 

0 

9 

0 

1 

Micrococcus Sp. 

1 

4 

2 

2 

0 

4 

1 

2 

I 

4 

0 

0 

N. meningitidis 

1 

3 

2 

1 

0 

3 

2 

I 

0 

3 

0 

0 

H. para-influcnzae 

2 

3 

0 

1 

2 

3 

0 

1 

2 

3 

0 

0 

S.tvphi 

2 

2 

0 

1 

T 

2 

0 

1 

0 

1 

I 

0 

S. paratyphi-B 

13 

16 

8 

5 

•> 

15 

4 

6 

5 

15 

1 

1 

S. cnteritidis . . 

1 

2 

1 

0 

0 

1 

0 

I 

0 

I 

I 

I 

B. coil . . 

5 

6 

6 

0 

0 

6 

6 

0 

0 

6 

0 

0 

B. prolcus 

1 

1 

1 

0 

0 

1 

I 

0 

0 

I 

0 

0 

F. fusiformis . . 

1 

1 

0 

0 

0 

0 

0 

0 

I 

1 

0 


F. necrophoriis 

2 

3 

0 

1 

1 

2 

0 

y 

I 

3 

0 


L. ictcrohacmorrhagiae 

1 

1 

0 

0 


0 

0 

0 

I 

I 

0 

I 

Total 

j 141 

1 


94 

43 


152 

95 

B 

IS 

1 58 

12 

18 


B — L »» r,3Siti\cfrom broth, nepathe rroml/crjoid. 
— B -r L Nepaihcfrom fcrolh, posttne frocn IjQtJOJd. 
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TABLE 

REPRESENTATIVE RESULTS SHOWING THE EFFECT OF TEMPERATURE ON THE LETHAL ACTION OF TOLUENE 


Organisms 

Temp. 

°C. 

Control 

1 

1 

Time of exposure to toluene 

5 secs. 



1 min. 

2 mins. 

3 mins. 

Ps. pyocyanea . . 

4 

■f -b-b 

-b-b-b 

-b-b-b 

-b-b 

-b-b 

.0 

0 


23 

+ + -b 

-b-b-b 

-b-b 


12 

0 

0 


37 

+ + + 

2 

1 

— 

— 

0 

0‘ 

B. proteiis 

4 

-b-b-b 

-b-b-b 

+ + 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b 


23 

+ + + 

48 

30 

— 

— 

— 

— : 


37 

-b-b-b 

7 ' 

— 

— 

i 

— 

— 

Diphtheroid bacilli . . . . 

37 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b 

0 

Staph, aureus .. . . .. . . 


-b-b-b 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b-b 


Hi 

7 

0 

5 

6 

'9 

0 

0 

Ana robic indifferent streptococci . . 

37 

1 

-t-b-b 

-b-b-b 

' -b-b-b 

-b 

43 

0 

0 

Str. pyogenes 

mm 

iin 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b-b 

-b-b 

i 0 


HI 

nn 

0 

37 

42 

40 

0 

0 


+ + + = About 500 to 800 colonics. + + =* 200 to 500 colonics. -f* « 50 to 200 colonics. 

48, 42, 40, etc. = Number of colonics grown. — « Sterile. 0 » Not examined. 


and three hundred strains of Ps. pyocyaneus have 
been encountered, and a few of these failed to be 
killed in our standard time of exposure to toluene, 
but when we obtained a fresh specimen the coli- 
form bacilli were inhibited. Two insensitive strains 
of each organism were subcultured and each con- 
tinued to be insensitive, but fresh specimens from 
the cases concerned contained B. proleus or Ps. 
pyocyaneus which were fully sensitive to toluene ; 
if possible, therefore, when one of these organisms 
appears to be insensitive a fresh specimen is ob- 
tained as the insensitive variants may not be 
present. 

Comparison of the Toluene Technique with flic 
“ Fry ” (1932) Plate 

Sixty-seven specimens containing a mixture of 
coliform bacilli and Gram-positive organisms 
were examined by both methods. The toluene 
technique was simpler and less time-consuming ; 
the colonies were directly visible and colonial 
characteristics were unaltered, giving ease of' 
identification and subculture. On the “ Fry ” 
plate, colonies — other than haemolytic strepto- 
cocci — had to be subcultured for identification by 
pricking through the agar layer, a relatively diffi- 
cult technique. 


gentian violet solution is spread (Fleming, 1942). As 
each batch of' gentian violet varies in its inhibiting 
power, the optimum concentration must be established 
experimentally ; our sample needed a dilution of 
1/30,000. The gentian violet solution is made up in 
sterile industrial spirit (Robson, 1945), as it is found 
that the plates then dry much more quickly than with 
an aqueous solution of the dye. The plate is dried 
before planting as there is a tendency for the cultures 
to become confluent if tlie gentian violet is spread 
after inoculation. 

1. The swab is first planted on one half of the 
plate described above and a smear made for a Gram 
stain. 

2. The swab is emulsified in 2 to 3 ml. of broth, in 
a bijou screw-capped bottle ; tlie bijou bottles are 
kept ready for use at 37° C. ; if there is likely to be 
an interval before the toluene is added, “the bijou 
bottle is replaced in the incubator to_prevent cooling. 

3. Toluene, approximately one-tenth of the volume 
of the broth, is added to the emulsion. 

4. The bottle is recapped and immediately shaken 
vigorously for 15 to 20 seconds. 

5. With a sterile Pasteur pipette one drop of tlie 
suspension is plaeed on the second half of the blood 
plate and is then spread in the routine manner ; we 
do not wait for the toluene to rise and settle out 
before we remove the broth for planting. 


The Routine Plate for Wound Swabs This one plate allows the easy recognition of 

This is a blood agar plate that has a central ditch relative numbers of the different organisms 

cut out and removed ; the ditch prevents B. proteiis present. Any coliform bacilli present will grow 
swarming across to the toluene-treated side of the on the side of the plate planted without treatment 

plate. Over the outer segment of each half-plate by toluene ; if few coliform bacilli are present 
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they may be swamped by a hea\'y growth of 
staphylococci, whereas the use of gentian violet 
allows them to appear as discrete, recognizable 
colonies. 

The toluene-treated culture will contain no 
Gram-negative organisms and the relative 
numbers of Gram-negative and positive organisms 
will be shown on the two halves of the plate. The 
part of the plate untreated by gentian violet will 
show the staphylococci and diphtheroid bacilli 
present, and alongside this area will be shown the 

DITCH 



ipo.ooo 

Gentian Violet. 


TOLUENE- 

TREATED 

CULTURE 


PLAIN 

CULTURE 


Streptococci where the gentian violet has inhibited 
the staphylococci and diphtheroid bacilli (sec 
Figure). 

Faeces. — After the specimen has been planted 
on the usual special media for Salmonella- 
dysenteo' groups, an emulsion is made in broth 
and this is treated with toluene in the same fashion 
as a wound swab emulsion : occasionally the coli- 
form bacilli fail to be killed by e.xposure to 
toluene for 15 seconds and this may be e.xplaincd 
by the work of Benians (1913), who showed that 
fatty and albuminous substances inhibit the action 
of toluene. 

Urines. — The centrifuged deposit is planted in 
the laboratory's usual manner, and then some of 
the deposit is added to the warm broth and treated 
with toluene as previously described. 


Discussion 

Many techniques have been evolved to sup- 
press coliform bacilli generally and B. proteiis in 
particular, as their tendency to overgrow other 
organisms obscures the complete bacteriological 
picture in mixed infections. Inhibiting agents 
(phenol, alizarin red, etc.) can be incorporated in 
the medium, and Bray (1945) exposes the planted 
plate to ether vapour, but these methods necessi- 
tate the use of duplicate plates if the complete 
picture is to be given. 

The 8 per cent agar plate, Hay- 
ward and Miles (1943) provides 
colonies unlike those on ordinary' 
laboratory media, and therefore 
suffers from the same drawbacks as 
the “ Fry' ” plate, although the latter 
was introduced primarily for the 
isolation of haemoh'tic streptococci 
- in the presence of B. protei/s. 

Beattie's (1945) method only inhibits 
the swarming of B. proteiis, so if 
many coliform bacilli are present 
they may hide small numbers of 
Gram-positive organisms. 

Toluene appears to inhibit the 
growth of all pathogenic organisms 
if it is left long enough in contact 
with them, the inhibiting action 
being accelerated by increased 
temperature. The Gram-negative 
organisms are very susceptible to its 
action, whereas the Gram-positive 
Gentian Violet organisms are relatively resistant. 

We now employ toluene in the 
primary' cultivation of any specimen 
that is likely to contain coliform 
bacilli ; we use it on all wound 
swabs and faeces, and in some 
cervical, urethral, and aural swabs, urines, post- 
mortem material, and sputa. 

Summary 

A method of inhibiting coliform bacilli in 
cultures is described ; also a new method of 
applying gentian violet in a composite plate which 
gives a complete and unobscured bacteriological 
picture on the one culture. 

We would like to thank Dr. L. Colebrook and 
Dr. W, H. McMcnemcy for their advice and help. 
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TECHNICAL METHODS 


A MACHINE FOR WASHING WASSERMANN TUBES 

BY 

E. A. ATKINSON 


One of the most irksome tasks in a pathological 
department is the washing of test-tubes. Particu- 
larly is this so when a thousand or more tubes 
have to be washed at the end of a long day doing 
Wassermann and Kahn tests. If the task is post- 
poned to the next day the cleaning process becomes 
more difficult. It seemed that a machine was 
needed for the mechanical rinsing of tubes 
immediately after the conclusion of the tests. 
The apparatus to be described has been in use in 
this laboratory for several months and serves as 
an efficient rinsing machine. 

Description of Apparatus 

Test-tubes are contained in revolving circular racks 
sprayed from below by a system of water jets. The 
racks are 7 in. in diameter and have bottoms of 18- 
gauge copper wire mesh, six to the inch. Each rack 
is divided into four compartments by partitions 
radiating from a central hollow shaft. The jets are 
thirty or so in number, and so arranged as to spray 
a sector of the bottom of the rack immediately above. 
One row of jets is inclined at an angle — this provides 
a lateral thrust and maintains a slow revolution of 
the rack. 


Method of Use 

A rack is filled with tubes placed upside down (280 
^-in. tubes or 160 i-in. tubes) and the glass cover (an 
inverted mouse jar) is placed in position. The tubes 
are sufficiently rinsed after the water has run for two 
or three minutes, when another full rack is placed in 
position and the process is repeated. It is advisable 
to have at least half a dozen racks. The racks are 
partly drained and then placed in the hot air oven. 
Given a sufficient number of racks, the tubes may be 
left in position until required again. 

The method is not suitable for very dirty or 
greasy tubes requiring drastic chemical treatment. 


but is suitable for large-scale meehanical rinsing. 
In my experienee the tubes emerge bright and clean 
from the drying oven in spite of a very hard water 
supply. 



The machine illustrated was made by Messrs. Jackson, 
of 348, City Road, London, E.C.l. 
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A MACHINE TO ASSIST IN RHESUS- GROUPING 

BY 

E. A. ATKINSON 


The routine examination of blood during the 
antenatal period for the rhesus factor has become 
an important function of many hospital labora- 
tories. The area served by this department pro- 
vides more than 10,000 such specimens a year, and 
it was important to find a method of performing 
the agglutination test with anti-D serum involving 
as little effort or chance of confusion as possible. 
The device to be described employs the tube test, 
and the reading of the results is simplified by the 
projection of a small lantern image of the red cell 
sediment on a screen. 


Description of Apparatus 

The machine consists of a circular rack revolving 
round a vertical axle. Above is suspended a dark- 



rio. 1. -The rack 


ground illuminator: below is fixed a small lantern 
projection lens. The rack consists of two circles of one- 
eighth gauge steel plate (13 in. diameter) drilled to take 
two concentric rings of -t-in. x 3-in. tubes with a bottom 
plate of i-in. plate glass. AH three are joined to a 
hollow-threaded central shaft. The compound projec- 
tion lens is made of two biconvex lenses, each 3 cm. 
diameter and of 6 cm. focal length and placed directly 
under the outer ring of tubes. The holes are numbered 
to take 32 tests. 

Method of Use 

The inner row of tubes is used for the preparation- 
of the washed red cell suspensions. The outer circle 
of holes is then loaded with the reaction tubes. One 
large drop of red-cell suspension is then transferred 
from each inner tube to the corresponding reaction 
tube. A very small drop of anti-D serum is then 
added to each reaction tube and the whole rack is 
placed in the incubator. After periods of one and 
two hours the rack is placed on the axle and readings 
are taken. In actual practice, the positive results are 
usually clearly readable after about half an hour. 

Advantages Claimed 

The machine is useful for the mass testing of 
routine specimens. As with the Chown method, 
rapid settling out of agglutinated particles occurs, 
but with rather less economy of serum. At the 
same time, the advantages of a tube test are 
retained. By the device described, the reading of 
the result of the tube test is simplified, and 
the lantern images correspond well with the 
microscopic findings. 

1 am grateful to the hospital engineer, Mr. F. G, 
Bradley, and his staff, who constructed the rack. 



B 


Fig. 2.— (c) Xegative result, (b) Positive result after 
one hour's incubatio.n. 
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OBITUARY 


GORDON WILKINSON GOODHART 


Dr. G. W. Goodhart, M.D., F.R.C.P., Bunny Good- 
hart as most of his friends liked to think of him, died 
in London on July 16 just before his 66th birthday. 
He was the younger son of Sir James Goodhart, a 
consulting physician in the great Victorian tradition. 
He was educated at Westminster School, Trinity 
College, Cambridge, and Guy’s Hospital, graduating 
M.B. in 1908. At Guy's lie became successively 
house-physician, Gull research student, Douglas 
demonstrator in pathology, and senior assistant 
bacteriologist. Subsequently he worked in Berlin, 
and for a time with Aschoff at Freiburg, returning 
to become clinical pathologist at University College 
Hospital. In the 1914-18 war he was in France with 
the R.A.M.C., and served as pathologist to the Second 
London General Hospital. In the following years at 
University College Hospital, apart from teaching 
students and his own junior staff, he carried on 
continuous research with Charles Bolton on gastric 
secretion and constantly helped and stimulated the 
fundamental work of Price Jones on red cell size. In 
1931 he was appointed as one of the first four patho- 
logists to the London County Council, and he did 
much to establish and develop their highly success- 
ful service. He worked first at the Archway Group 
Laboratory and then at St. Mary Abbots. He was in 
due course President of the Section of Pathology of 
the Royal Society of Medicine, of the Medical Society 
of London, and of the Association of Clinical Patho- 
logists. To this Association in its early years he gave 
unfailing help and encouragement. 

Physicians and surgeons were always to be found in 
Goodhart’s laboratory at University College Hospital, 
or later in his London County Council laboratories, 
discussing their problems with him. He himself was 
constantly to be seen in the wards looking at the 
patients. The knowledge he gained in his laboratory 
only became real to him in relation to the individual 
patient. Case reports or pathological reports alone 
were meaningless and both must be interpreted in 
relation to the actual human being. So he taught a 
succession of students, assistants, and colleagues, for 
from his early days at U.C.H. all medical students 
served a three months’ clerkship in his department. 
This, though now an accepted procedure in medical 



GORDON WILKINSON GOODHART 

training, was an innovation, part of Goodhart’s contri- 
bution to the medicine of his time. Many of his 
pupils practising in very different fields to-day when 
they meet agree that Bunny Goodhart taught them 
what really mattered in their medicine. His original 
contributions to knowledge were all sound, but so 
much of what he had learnt by careful observation 
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and experience he never wrote down but handed 
on in his day-to-day teaching and conversation. 
This is especially true in the e.xpanding field of 
haematology. 

During the last five years he was often very ill, but 
he carried on with- a courage and gaiety that will 
always be an inspiration to remember. His hospital 
might quite literally be brought down on top of him, 
but there he still .was ready to help both with medical 
and personal problems. StiU finishing the last story, 
he saw one out over the heaps of rubble just as in 
safer days he had seen one down the laboratory stair. 
Those long stories were veiy much part of the man: 
they were nex’er unkind, they were often shrewd, and 
he told them with such evident enjoyment himself 
that the listener enjoyed them too. 


Gordon Goodhart had a fine mind but no great 
ambition to achieve academic or worldly distinction. 
He was content to do his day’s work well, to return 
after tea to an exceedingly happy home with his wife 
and their three children, to keep alive a host of friend- 
ships ; but when the medical history' of the early 
twentieth century comes to be written he will be 
remembered as one of the leaders of a small group 
of men who, because of their own skill as physi- 
cians combined with their love and understanding of 
the more precise discipline of the laboratory, created 
that hybrid despised by some but none the less essen- 
tial to the developing medical sciences — ^the clinical 
pathologist. His friends to-day miss him and will 
remember him as, in the fullest sense of the words, 
•’a beloved physician.” Vaugh.sn. 


REVIEWS 


Pathologische Anatomie und Cbemolherapie der 
Infektionskrankhciten. By Gerhard Doraagk. Stutt- 
gart; Georg Thieme Verlag. 1948. Pp. 424. 133 

illustrations. Price, bound, D.M, 48. 

Hardly more than a generation has passed since 
British medicine looked to Germany for inspiration 
and for advanced 'books, perhaps in ng, branch of 
medical science more than in the field oT pathology. 
English textbooks are now as eagerly sought by medi- 
cal students in most parts of the world. Nevertheless 
a new publication in German still evokes the interest 
of British students and research workers, especially 
one from the pen of Professor Doraagk, whose name 
is so closely associated with pioneering research on 
the sulpha drugs. The general plan of relating the 
action of the antibacterial drugs to the pathological 
process of infection with a detaFled study of the tissue 
changes is a good one and is well done. The student 
will also benefit from the author’s classification of 
infections from a pathogenetic point of view, although 
this classification should not be regarded as rigid. The 
disturbing feature of the book is that, although the 
title suggests a wider field, in fact only bacterial dis- 
eases are dealt with and even they' are not fully 
covered. The reader will progressively come to realize 


that the term “ infectious disease ” is here used almost 
symonymously with those infections which are affected 
by the sulpha drugs. The book is, in fact, a survey 
of suiphonamides and covers a wide field of research 
into their uses and actions; as such it is an excellent 
reference book. The author may naturally have 
stressed his own particular interests, but the need for 
full information on all modem antibiotics and their 
uses and limitations is urgent, particularly for German 
doctors who have had till now such slight e.xperiencc 
of penicillin, streptomycin, etc., and who may be given 
a one-sided impression by this book. It-is to' be hoped 
that this deficiency will be remedied in the next edition. 

H. G. KoifLER. 


British Drug Houses have produced a pamphlet 
entitled "Introductory Notes on Chromatography,” 
which they are prepared to send without charge to 
clinical pathologists who may be interested in this 
subject. The monograph is clearly meant to cover as 
wide a range as possible. Thos’e interested in the 
specific aspect of the field will find the bibliography 
useful. 

NiatoLss Martls'. 
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Abstracts of World Medicine, and Abstracts of World Surgery, Obstetrics and Gynaecology, published 
by the British Medical Assoiiatiou. In this Journal some of the mote important articles on subjects 
of interest to clinical pathologists are selected for abstract, and these ate classified into four sections: 
bacteriology ; biochemistry ; haematology ; and morbid anatomy and histology. 


BACTERIOLOGY 

The Recognition of Toxicogenic Bacterial Strains in vitro. 

ElEk, S. D. (1948). Brit. nied. J., 1, 493. 

This in vitro test for the detection of toxicogenic strains 
of various organisms is based on the principle of floccula- 
tion of a toxin-antitoxin mixture. In order to establish 
optimum conditions for the latter, the author pours plates 
and embeds, while the medium is still soft, a strip of 
filter paper previously dipped into specific antitoxin. 
After the medium solidifies the plates are inoculated by 
streaks at right angles to the filter paper. The toxin 
produced by the subcultures and the antitoxin contained 
in the filter paper diffuse into the medium, and after 24 
to 48 hours precipitation occurs in a line and at an angle 
of about 45 degrees at either side of the inoculum, thus 
appearing as an arrow-head. Technical details are given 
and non-specific reactions are discussed. The method, 
appears to be particularly suitable for the detection of 
virulent strains of Coryncbacteriwn diphtheriae and, in the 
hands of the author, yielded results identical with those of 
the guinea-pig test. r, Satm. 


Post-examination of BCG-material. (In English.) 

TciRNELL, E. (1947). Acta tiiberc. scand., 21, 241. 

The author reviews the results of BCG vaccination as 
carried out at, or in connexion with, ]he Dispensary in 
Boras, Sweden, run by the Vasterasen Sanatorium. 
Between 1935 and 1945 over 10,000 persons were 
vaccinated, including child and adult contacts, school- 
leavers,_ factory-workers, and army conscripts. From 
1946 onwards all newborn babies in the maternity homes 
were also vaccinated. Technique and isolation precau- 
tions are described in detail. The dose of vaccine used 
has gradually been increased over the years from 0.05 mg. 
to 0.06 to 0.08 mg. Wallgren’s intracutaneous method 
was employed, and a weal 10 to 12 mm. in diameter 
was aimed at. 

Out of 10,963 individuals only 17 developed tuber- 
culosis later; 12 of these, who had been exposed to 
infection before vaccination was completed, fell ill 
within 3 years of vaccination; but the other 5 became 
ill after 4 years. Full and careful follow-up and records 
of case histories are given, with 119 unvaccinated tuber- 
culin-negative relatives acting as controls. 

Allergy and immunity do not always run parallel. 
Although allergy fades out in about 4 years, a changed 
le\’el of reaction does persist, indicating a certain degree 


of immunity. Nevertheless, all vaccinated persons who 
are tuberculin-negative after 4 years should be revac- 
cinated and persons who react only weakly should be 
retested each year. 

/>-Aminosalicj’lic Acid in the Chemotherapy of Tuber- 
culosis. • (p-Aminosalicylsaurc in der Chemotherapie 
dcr Tubcrkulose.) Ragaz, L. (1948). Schweiz, mcd. 
Wschr., 78,-332. 

There was rapid improvement in 60 to 70% of pul- 
monary tuberculosis, with amelioration of all the clinical 
signs, when treated with 10 to 15 gr. of p-aminosalicylic 
acid daily on altemalivc weeks. A 10% solution of-the 
drug may be employed in the local treatment of tuber- 
culous empyema and abscesses. It has so far failed to 
cure patients with tuberculous meningitis and miliaiy . 
tuberculoses, but clinical experience is still too small to 
permit critical assessment of its value. 

Streptomycin Resistant Tubercle Bacilli. Their Develop- 
ment during Streptomycin Therapy of Pulmonary - 
Tuberculosis. Fisher, M. W. (1948). Amer. Rev. 
Tiiberc., 57, 53. 

Sensitivity of Tubercle Bacilli to Streptomycin.. An in 
vitro Study of some Factors Affecting Results in Various 
Test Media. Fisher, M. W. (1948). Amer. Rev. 
Tiiberc., 57, 58. 

The sensitivity to streptomycin of tubercle bacilli from 
the ' sputa of 20 patients suffering from pulmonary 
tuberculosis^ and receiving l.S g. streptomycin daily for 
120 days, was studied, the Dubos albumin-“tween SO” 
medium lieing used. In 15 patients the bacilli remained 
sensitive. In the remainder sensitivity was retained for 
up to 1 1 weeks, after which varying degrees of resistance 
developed. Since this finding contrasted with that 'of 
Youmans ct al., who found that resistance developed in 
8 out of 12 patients, strains isolated at the end of therapy 
from the 20 patients of the present series were compared 
by sensitivity tests in Dubos medium and in Youmans’ 
medium (which contains 10% human plasma and 2% 
glycerin). Eldven of the 20 strains were resistant in the 
Youmans’ medium (growing in 10 pg. or more of strepto- 
mycin per ml.). 

The factor responsible for .these discrepancies was 
found to be the ‘‘tween 80” (oleic acid ester). In the 
Dubos basal medium alone (without albumin or tween) 
alt these strains were resistant to 1,000 pg. streptomycin 
per ml. Addition of albumin made no difference, but if 
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tv^-een SO was added (without albumin) the strains were 
sensitive to 1 /ig. per ml. — that is, the effect of strepto- 
mycin was enhanced 1,000-fold. \\'hen albumin as well 
as tween was added, the sensitivity was still increased 
but'not as fully as when tween 80 was used alone. The 
potentiation of streptomycin by tween 80 may be due to 
surface-activity causing easier absorption of the anti- 
biotic'. 

Streptomycin Treatment in Intestinal Tuberculosis. 

, (Die S'treptomycinbehandlung der Darmtuberkulose.) 
Markoff, N. (1948). Schweiz, med. Wschr., 78, 329. 
A preliminary report is given of the beneficial effect of 
streptomycin in the treatment of 5 cases of ulcerative 
intestinal tu^rculosis. The streptomycin was adminis- 
tered parenterally and by means of high enemata, in a 
strength of 250 mg. per 500 ml. of normal saline. Daily 
enemata are given for 14 to 15 days and are well tolerated. 
By elevating the pelvis and placing the patient on the 
right side it is possible to make the solution pass through 
the ileocaecal valve. A 6-raonth survey showed that 
there was invariably an improvement in the radiological 
findings, a decrease in the toxaemia, and a general subjec- 
tive improvement. Complete regression of the intestinal 
lesions has not yet been observed. The results so far are, 
however, eminently satisfactory, considering the hope- 
lessness of the condition. Streptomycin in intestinal 
tuberculosis must, however, be given in a hospital or 
sanatorium where the pulmonary and general condition 
can be accurately assessed. Harold Jarvis. 

Recovery of Streptomycin from Urine. Muxer, J., and 
Rowley, D. (1948). Lancet, 1, 404. 

In the treatment of tuberculous patients with strepto- 
mycin it was found that about 50% of the drug was 
' excreted in the urine at a concentration of about 1,000 
units per ml. The streptom;^cin could be recovered from 
the urine, by simple adsorption methods, in a sufficiently 
pure form for reinjection, thus effecting a saving of the 
drug during the present shortage. R. fVien. 

Streptomycin in the Treatment of Tularemia. Be.nson, 
R. C., and Harwell, A. B. (1948). Amer. J. med. 
Sci., 215, 243. 

The authors summarize the clinical data in 56 cases of 
tularemia treated by streptomycin; 15 were c-xamples of 
pleuro-pulmonary tularemia, in 10 of which the primary 
site of infection appeared to be the lung or pleura. The 
authors point out that to be beneficial streptomycin must 
be administered before the twelfth day of illness, other- 
■ wise it will not prevent the breaking down of infected 
l>Tnph nodes. Streptomycin therapy was highly effica- 
cious in modifying the course of the disease in every case, 
being most effective in the severest cases. DuraU'on of 
treatment varied from 4 to 18 days, averaging 9.1 days. 
The total dosage was from 1.9 to 20 g., averaging 8.1 g. 
Only 3 patients manifested any intolerance, but in none 
was it necessary to discontinue treatment. 

Jos. B. Ellison. 

Streptomycin in Surgical Infections. D'. Peritonitis. 

Pulaski, E. J., Seeley, S. F., and Matthews, C. S. 

(1947). Surscr)-, 22, 8S9. 

A clinical s udy was carried out on young men who 
w-erc in good health before the onset of peritonitis. In 
addition^to slrcptomj-cin the majority of the patients 
had full supportive therapy. Tlie authors conclude that 
streptomycin has a place in the treatment of peritonitis, 


results of therapy by this agent alone running appro.xi- 
mately parallel to those with large doses of penicillin. 
Streptomycin appeared to have little eSect in localized 
infections but was useful in a spreading peritonit^, 
effecting localization in such cases.' Used with penicillin, 
it was effective in many cases which failed to respond to 
penicillin with or without sulphonamides. 

A. E. Porritt. 

Streptomycin in Human Plague. Kara.\icha>.'DI, P. V., 
and SuNDAR Rao, K. (1948). -Lcaicet, I, 22. 

Five moribund patients, all proved by gland puncture 
to be suffering from plague during an epidemic in the 
Madras area, made good recoveries. Improvement 
started on the second day after about 1.5 g. of strepto- 
mycin had been given; 4 & was a sufficient total dose 
when given 3-hourly in intramuscular injections of 
0.125 g; C. C. Chesterman. 

A New Sulpha Compound (“6257”) and Its Use in Homan 
Cholera Infection. Bhatnagar, S. S., Fernandes, F., 
de Sa, j., and Divekar, P. V. (1948). Nature, Ijond., 
161, 395. 

Chemotherapy of Cholera with a New Snlphonamide 
Compound (“6257”), Laboratory Investigations and 
Field Trials. Bhatnagar, S. S., Fernandes, F., 
DE Sa, j., and Divekar, P. V. (1948). Brit. med. J., 

I, 719. 

Hexamethylene tetraamine was found to kill cholera 
vibrios suspended in physiological saline in less than half 
an hour. Crude preparations consisting of sulphanil- 
amide and he.xamines were first prepared and found to 
give promising results in aiiimals and man infected with 
cholera. Later a compound (“6257”) was prepared by 
condensing two molecules of sulphathiazole and three 
molecules of formaldehyde. In vitro it exerts a bacterici- 
dal action on cholera vibrios when 50 mg. or more is 
added to 10 ml. of peptone water; in concentrations of 
from 5 to 50 mg. in 10 ml. it is bacteriostatic. In vivo in 
mice inoculated intraperitoneally with cholera vibrios 
complete protection is afforded by doses of 40 to 50 mg. 
given subcutaneously or intrapieritoneally for 2 days 
before inoculation and, for 4 days after. If given by 
mouth only 10% of mice are protected, probably because 
of poor absorption from the ah'ment:^ canal. 

Field trials were carried out in villages in Southern 
India. After bacteriological confirmation of the diag- 
nosis a dose of 6 g. was given by mouth followed by 4 g. 
4 hours later. Two doses of 2 g. were given on the second 
and third days, two doses of 1 g. on the fourth day, and 
1 g. for the next 3 days. The usual total dose was 28 g., 
though as much as 50 g. has been given without any 
toxic results. If vomiting was severe the first doses were 
given by rectum. Among 85 pau'ents, mostly under- 
nourished women and children, the mortality has been 
4%, whereas in the same area the average mortality for 
the past seven years has been 70%. Although no details 
arc given the administration of the drug to healthy 
contacts is said to have protected the.m acainst infection. 

G. .\{. EindJay. 

Treatment of Epidemic Typhus with Chloromvcctin. 
Payne, E. H., Knaltjt, J. A., and Palactos, S. (1948). 

J. trap. Med. //ly., 51, 63. 

Chloromycetin is an antibiotic obtained by Ehrlich et 
at. (Science, 1947, 106, 417) from an actinomvees isolated 
from the soil of a field in N'enezuela. It has' been found 
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by Smadel and Jackson (Science, 1 947, _ 106, 418) to be 
active against psittacosis virus and against a number of 
rickettsiae in mice. It has now been used on 16 patients 
in Bolivia with epidemic - louse-borne typhus. The 
antibiotic may be given intravenously or by mouth, the 
former giving more rapid results. Intravenous medica- 
tion consists of doses of 10 mg. per kilo body weight for 
3 days, while by mouth at least 15 mg. per kilo of body 
weight may be given without toxic reactions for the same 
period. G, M. Findlay. 

Observations on the Action of Paludrine on Malarial 
Parasites. Mackerras, M. J., and Ercole, Q. N. 
(1947). Trans, R. Soc. trap. Med. Hyg., 41, 365. 

When “paludrine” was given to patients infected with 
Plasmodium vivax a lethal action was exerted upon the 
dividing nucleus of the malaria parasite, which is rapidly 
destroyed. Paludrine does not directly prevent the 
formation of gametocytes or destroy those already 
formed; it does not prevent fertilization in the gut of the 
mosquito. Similar effects are observed with P. falci- 
parum. In the presence of paludrine gametocytes can be 
farmed; they persist in the blood, undergo fertilization 
in the mosquito, and reach the stage of encystment, but 
development ceases at that point. Paludrine exerts a 
similar effect on the early schizonts of P. malariae, 
although these are somewhat less sensitive than those 
of the other two species of malaria. F. Hawking. 

Bacteriology and Biology of Disinfection of Bile, with 
Special Reference to Pyridine-3-carbonyI-hydroxy- 
methylamide (Zur Bakteriologie und BiologiederGallen- 
desinfektion, unter besonderer Beriicksichtigung des 
Pyridin-3-karbonsaureoxymethyIamids). Ackling, O. 
(1948). Praxis, 21, 65. 

Pyridine-3-carbonyl-hydroxymethylamide (“bilamid”) 
is a new chemical compound which can be regarded as 
nicotinic acid amide linked to formaldehyde. 

Nicotinic acid plays an important part in the metabo- 
lism of the liver, and this new compound exerts its 
action on the liver and bile. The nicotinic acid com- 
ponent promotes the normal metabolic activities of the 
liver cells while the formaldehyde component acts as a 
disinfectant on organisms present in the bile ducts and 
gall-bladder. The results of animal tests are given 
showing that when given intermittently for several 
consecutive days a total daily dose of 2 g. per kilo causes 
no symptoms, while 4 g. per kilo represents the minimal 
lethal dose for this scheme of medication. Maximal 
concentrations of bilamid in the bile are obtained 2 hours 
after an oral dose of 2 g. per kilo or half an hour after 
4 g. per kilo. Within the following 4 to 6 hours the 
level falls rapidly but traces are still present after 24 hours. 
Excretion, therefore, is rapid and complete. The drug is 
also excreted in the urine and can be demonstrated there 
1 hour after an oral dose of 4 g. per kilo. The urine 
content steadily increases until 3 to 4 hours after admin- 
istration; no bilamid is present in urine after 10 hours. 

Bilamid has a bactericidal action on most strains of the 
coliform group, including organisms causing enteric 
fever, on Streptococcus faecalis and Pneumococcus strains, 
on Brucella abortus, and on the cholera vibrio. Bac- 
teriostatic but not bactericidal actions of bilamid were 
recorded for dysentery, coli, anthrax, and pyocyaneus 
bacilli as well as for staphylococci. 

Figures and tables are given to demonstrate the action 
of the drug on the flora found in specimens of-bile. 

K. Zinnemann. 


The Treatment of B. coH Urinary Infections with Sulfa- 
thalidine (Phthalylsulfathiazolc), Everett, H. S., 
VosnERG, G. A., and Davis, J. M. (1948). /. Uroi., 
. 59, 83. 

As the result of a controlled series of cases the author 
has concluded that phthalylsulphathiazolc is an effective 
drug in the treatment of urinary tract infections due to 
B. coli. The urine is usually rendered sterile in 1-week 
by the administration of O.I g. per kilo body weight daily. 
Experience has shown that continuation of the treatment 
for an additional 2 weeks gives greater protection against 
recurrence. The author suggests that the good results 
are due mainly to the action of the drug in eliminating 
in the bowel the source of infection of the urinary tract. 

Thomas Moore. 


Observations on the Prevention of Bacteria! Growth by 
Sulplionamidcs, with Special Reference to the Harper 
and Cawson Effect. Walker, N., Philip, R., Smyth, 
M. M., and McLeod, J. W. (1947). J. Path. Bad., 
59, 631. 

The phenomenon of inhibition of staphylococci and 
streptococci by horses’ blood in an area adjacent to a 
sulphafhiazolo trench, known as the Harper and Cawston 
effect (J. Path. Bact., 1945, 57, 59), has been more fully 
investigated by the present authors in an endeavour to 
find an accurate explanation. Many types of blood have 
been examined: only asses’ blood has anything like the 
same power as horse blood. Beyond revealing the 
fact that the property appears to be in the haemoglobin 
fraction, further analysis has not been helpful.- 


The Problem of Sulfonamide-resistant Hemolytic Strepto- 
cocci. Hartman, T. L., and Weinstein, L. (1948). 
New Engl. J. Med., 238, 560. 

The authors have studied 167 patients suffering from 
Group A haemolytic streptococcal infections. Most of 
the cultures were isolated from the nasopharynx of 
patients who had clinical scarlet fever. The type distri- 
bution of these haemolytic streptococci and their 
sulphonamide sensitivity were studied. Only one strain, 
a Group A, Type 19, was resistant to the action of sodium, 
sulphadiazinc, and was so in a concentration of 25 mg. 
per 100 ml. The epidemic Type 19 strains prevalent 
among Service personnel were resistant to a similar 
concentration of sulphadiazine. 

R. N. Johnston. 

Nose and Skin Carriage of Staphylococcus aureus in 
Patients Receiving Penicillin. Moss, B., Squire, L R., 
and Topley, E. (1948). Lancet, 1, 320. 

Numerous publications have described the presence of 
Staphylococcus aureus in the nasal cavities of a high 
percentage of healthy people. The presence of the same 
organism, defined by a positive coagulase test, is of less 
frequent occurrence on the healthy skin. The authors in 
their present study have concentrated on the specific 
problem of the dependence of skin carriage on nasal 
carriage in persons with' normal skins. Some of the 
patients in a male surgical ward were the subjects of the 
investigations over a period of 8 months. Peniciilin was 
given intranasally for 10 days: (1) by spraying thrice 
daily with a solution containing 12,500 units per ml., and 
(2) by applying a cream containing 100,000 units per g. 
in a “Lanette wax” base with sterile swabs twice daily. 
The details of the bacteriological technique are given. 
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In. a group of 21 patients the nasal-carriage rate fell 
from 97 % before treatment to 67 % during the first 5 days 
of treatment and to 37% during the last 5 days, whereas 
in a control group of 20 the bacterial flora of the nose 
showed no significant change as a result of their stay in 
hospital; The elimination of the nasal Staph, aureus 
was associated with a significant fall in its carriage on the 
skin of the wrist, and this would seem to show that the 
skin is often contaminated from the nose. In 37 cases 
swabs were obtained from the vestibule, nasal fossae, 
and nasopharynx, and the findings emphasize the 
decreasing frequency with which the staphylococcus is 
found at- sites from the nasal vestibule to the naso- 
pharynx, and that colonization seems to take place only 
in the squamous epithelium of the vesribule. In 15 cases 
parenteral administration of pem'cillin did not affect the 
incidence of staphylococci in the nose. j. Smith. 


Penicillin Therapy in Diphtheria. (In English.) 

WszELAKi, S. J., and Handzel, L. J. (1948). Acta med. 

■ scand., 129, 493. 

The authors’ proposals for treatment are as follows; 
(o).ln the early case penicillin alone may be given, if 
there is adequate'bpporlunity Tor clinical observation of 
the course of the illness. Penicillin may also be used 
alone where serum treatment is contraindicated — the 
authors list as examples, active pulmonary tuberculosis, 
hypersensitization, and "grave blood diseases.” (b) Com- 
bined penicillin and serum treatment is indicated in a 
penicillin-sensitive concomitant infection, in very severe 
but uncomplicated diphtheritic infections and late cases, 
and in cases “refractory” to serum treatment. A suffi- 
cient dose of penicillin is 100,000 units a day. 

[It may be noted that simple penicillin treatment in 
certain cases of diphtheria has been recommended by De, 
Chatteijee, and Ganguli (Srit. med. J., 1947, 1, 376) and 
strongly condemned by Long (Brit. med. J., 1947, 1, 884), 
"who has suggested that 1,000,000 units of penicillin daily 
may be advantageously combined with serum treatment 
in severe cases.) G. I. C. Ingram. 


Effect of Penicillin on the Bacteremia Following Dental 

Extraction. Glaser, R. J., Daxkxer, A., Mathes, 

S. B., and Harford, C. G. (1948). Amer. J. Med., 
• 4, 55. 

The authors report their observations in 40 patients 
who received 50,000 units of penicillin intramuscularly 
2-hourly for 24 hours before the extraction, and compare 
the results with those obtained in controls who did not 
receive penicillin. Blood for culture was taken before 
and usually within 2, but always within 5, minutes after 
the extraction. Penicillin reduced the incidence of 
bacteriacmia considerably, but failed to prevent it in all 
cases; the organisms grown were in both scries x-hac- 
molytic streptococci and non-haemolytic streptococci. 
The difference between the penicillin series and the 
control series was greatest in the groups with diseased 
gums, where the incidence of bactcriaemia was 41.4% 
(penicillin) and '8.1° „ (controls). A pronounced 
difference in favour of penicillin was also seen in the 
group of single extractions; with multiple extractions 
the pcrccntaqcs were equal in both scries. Local anal- 
gesia was used in all cases; the effect of penicillin was 
greater, comparatively, in the group who had infiltration 
an.alcesia than in those who had block analgesia. The 


authors recommend that patierits suffering from valvular 
or congenital heart disease should receive large doses of 
pem’cillin for 24 hours before and at least 2 days after 
extractions, w’hich should preferably be carried out singly." 

S. Samet. 


Penicillin in the Treatment of Actinomycosis. Nichols, 
D. R., and Herrell, W. E. (1948). /. Lab. din. Med., 
33, 521. . 

The authors record the results of treatment of 46 cases 
of actinomycosis with penicillin. The dose varied from 
80,(XX) to 1,000,000 units of penicillin daily (intravenously 
or intramuscularly) for periods of from 2 . to 7. weeks. 
They conclude that a .dose of at least 500,000 um’ts 
should be administered daily for at least 6 weeks. 
“Penicillin appears to be an eff’ective chemotherapeutic 
agent in the treatment of actinomycosis and a useful 
adjunct to other forms of therapy.” Zachary Cope. 


Penicillin Preparations with Delayed Excretion in Ophthal- 
mology. (La penicih'na de eliminacion retardada en 
ofialmoloeia.) Mata Lopez, P. (1947). Arch. Soc. 
oftal. hisp.-amer., 7, 1111. 

The disadvantage of penicillin is its rapid excretion; 
a further disadvantage in ophthalmology is that penicillin, 
when ^ven intramuscularly, does not penetrate into the 
posterior parts of the eye. Various methods hax'e been 
devised for delaying e.xcrBtion of the drug, such as com- 
bining penicillin and blood plasma, cooling the site of 
injection, and using a wax-oil base for the pjenicillin. 
The author has found this last method most satisfiictory 
and has used 3 such types of preparation, 109,033 units 
being given daily in two doses, one at night and the other 
in the morning. As an alternative an aqueous solution 
of penicillin may be given 3-hourly during the day and 
the emulsion of penicillin at night. 

The author uses penicillin for persistent staphylococcal 
infections of the eyes, abscesses of the lids, dacn-ocystitis 
(local and general injections), gonococcal infections of 
the conjunctiva and cornea (combined with local applica- 
tion), infections of the cornea, certain cases of epi- 
scleritis, and uveitis. He has had good results with this 
method, which he has also employed prophvlactically in 
cases of trauma. ' £. £. Cass. 

Bacteriologic Follow-up of Pcnicillin-treatcd Gonorrhea 
in Women. Hirschberg, N. (1943). Amer. J. Svph.. 
32,141. 

The author took the opportunity’ of observing the 
results of penicillin therapy over a post-treatment ‘period 
of 10 weeks in women mprisoned for prostitution. 
Cases were selected for study only after the isolation 
and identification of the gonococcus by culture and 
fermentation tests with specimens from the urethra and 
cervix. All 54 cases were treated with 150, 033 units of 
penicillin in oil-wax. There were only 2 failures of this 
treatment. In one the conoeoccas w-as found agvin 
3 weeks after treatment, and again 2 weeks after a second 
trMiment. In the other case a positive culture was not 
obtained until 7 weeks after treatment. The author 
considers that cultures at regular intervals after ap-iarent 
cure arc of considerable i.mpo.-iance. He also comments 
upon the larger number of Gra.m-neaativc bean-shapM 
diplocoeci which might be confused with Lhe gonocoirus 
in stained smears or in cultures when the results arc 
unconfirmed by fermentation tests. E. Lloyd, 
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Mycotic Vulvovaginitis and the Vaginal Fungi. A Report 
of 280 Patients. Jones, C. P., Carter, B., Thomas, 
W. L., Ross, R. A., and Creadick, R. N. (1947). 
Atner. J. Obstet. Gynec., 54, 738. 

The authors state that there are three groups of yeast 
or yeast-like fungi which may be found in the vagina — 
Monilia, Cryptococcus, and Saccharomyces. These 
organisms can only be distinguished by thO morpho- 
logical characteristics of colonies grown on special media. 
Monilia, or Candida (the name now recommended), is 
probably the only organism of this type which gives rise 
to symptoms. The clinical findings and diagnosis arc 
described, and the methods of collecting and culturing 
specimens from patients arc givtn. Intradcrmal skin 
te^ts and agglutination reactions arc of little value in 
diagnosis. For treatment, a vaginal jelly with a “bento- 
nite” base containing calcium and sodium propionate 
has given excellent results. Braithwaite Bickford. 

Cultural and Serologic Studies on Granuloma Inguinale. 
Dunham, W., and Rake, G. (1948). Atner. J. Syph., 
32, 145. 

After many unsuccessful attempts to grow Donovania 
granidoniatis on artificial media, material from the 
ninety-second egg passage was successfully cultivated by 
incubation at 35° C. for 1 to 2 weeks after planting on 
slants consisting of 10 ml., of beef-heart infusion agar 
with 1 ml. of normal yolk from six-day embiyos. Eight 
serial transfers were made with this medium and also to 
slants prepared from 5 ml. of 3 % agar in tiyptone beef- 
heart infusion broth and 5 ml. of modified Levinthal’s 
stock broth. Colonies were irregular in outline, shiny, 
translucent, and grey. An antigen was prepared for 
serological studies by washing and suspending in M/100 
phosphate buffered physiological saline, , shaking and 
centrifuging, and employing the supernatant fluid, which 
was preserved in 1 in 10,000 “merthiolate." When 
complement-fixation tests were carried out with this as 
the antigen, 50 positive reactions 'were obtained from 
58 sera of patients with granuloma inguinale, from 1 of 
32 with syphilis, from 2 out of 18 with gonorrhoea, 
from 2 of 7 with lymphogranuloma venereum, from 3 of 
10 with chancroid, and from 4 of 19 with varicose ulcers. 
No positive reactions were obtained from the sera of 
10 patients with tuberculosis or of 4 normal persons. 

R. R. Willcox. 

Cardiolipin Antigens in Serologic Tests for Syphilis. 
Giordano, A. S., Culbertson, C. S., and Higgin- 
botham, M. W. (1948). Atner. J. din. Path., 18, 193. 
Cardiolipin Blood Tests in Sj-philis. Andujar, J. J.. 
Anderson, M. M., and Mazurek, E. E. (1948). 
Anwr. J. din. Path., 18, 199. . 

The theme of these articles is that cardiolipin is an 
advance on all other antigens, but that the best use has 
not yet been made of it. In the first paper 24,085 tests 
were examined, and in the second paper 24,609. It is 
concluded that cardiolipin antigens are highly sensitive 
and satisfactorily specific, and have the advantage of 
being stable and yielding a reproducible emulsion. 
Sponsored universal tests based on cardiolipin are urged. 

The Incubation Period of Ophthalmia Neonatorum. 
SoRSDY, A. (1947). J. Obstet. Gynaec. Brit. Etnp., 
54, 842. 

' The principal causal organism ,in ophthalmia neo- 
natorum is now considered to be Staphylococcus aureus 
rather than the gonococcus, although the virus of in- 


clusion bicnnorrhoca may be almost as common. A 
series of 290 cases of ophthalmia neonatorum were 
investigated. In 179 cases organisms only were found, in 
67 both organisms and inclusion bodies, in 29 inclusion 
bodies only, and in 15 neither. Detailed figures are 
given of the distribution of incidence according to the 
causal organism; in general, baeteria appeared in the 
first 5 days and viruses in the second 5. The gonococcus 
causes the highest proportion of severe cases, and the 
diphtheroids the next highest; the inclusion bodies- lie 
midway between these. and the staphylococci. ^ 

Hugh R. Arthur. 


/ BIOCHEMISTRY 

The Value of the Guterman Test in Threatened Abortion. 

Bender, S. (1947). J. Obstet. Gvnaec. Brit. Etnp., 54, 

783. 

This paper is a preliminary report on 55 cases diagnosed 
clinically as of threatened abortion, in which the Guter- 
man test was carried out. The test was found to provide 
a rapid and reliable means of diflerentiating those cases 
of threatened abortion accompanied by progesterone 
deficiency from those not so accompanied. Experimental 
work is reviewed in support of the contention that the 
administration of progesterone where there is no defi- . 
ciency of the hormone increases the chance of the abortion 
progressing. The results of the present investigation 
support this view, altliough the figures arc 'too small to 
be statistically significant. .The limitation of progesterone ' 
therapy to cases of threatened abortion with evidence of 
progesterone deficiency would increase the foetal salvage 
rate. It is pointed out that clinically it may be difficult 
to distinguish between cases of threatened abortion and 
those of missed and complete abortion and of corpus 
luteum cysts. The results of pregnanediol and gonado- 
trbphin tests simultaneously performed are of value in 
reaching the correct diagnosis in these cases. 

R. L. Hartley. 

Investigations into the Determination of Pregnanediol 

According to the Guterman Method. Kullander, S. 

J[1948). J. Obstet. Gynaec. Brit. Etnp., 55, 159. 

The author compares critically the methods of estima- 
tion of pregnanediol in urine. He reports on the results 
of 430 tests made on specimens collected- from 338 
patients, and arrives at the following conclusions. The 
variations in the day-to-day excretion of pregnanediol in 
non-pregnant and pregnant women arc so considerable 
that the test should ''always -be carefully correlated with 
the clinical picture, and conclusions should not be drawn 
from one test. In a normal menstrual cycle pregnanediol 
is excreted in greatest quantities in the luteal phase. The 
lowest excretion is during the proliferative phase. The 
high level associated with the luteal phase may be inter- ■ 
preted incorrectly as indicating the presence of eyesis, 
and for this reason the author believes that the Gutcmian 
test is not a reliable pregnancy lest. Conflicting results 
have been recorded on the value of pregnanediol excretion 
as a guide to prognosis in threatened abortion; the 
author concluded that the test was unreliable for tliis 
purpose. In carcinoma of the adrenal the excretion of 
pregnanediol is high; in both hydatidiform mole and 
theca lutein cystadenomata the excretion is low. The 
test may be of value, therefore, in the diagnosis of these 
conditions. /. Stallworthy. 
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A Simplified Method for the Quantitative Determinations 
on Free Pregnanediol Excretion in Pregnancy. Davis, 
M. E., and FOGO, N. W. (1947). Proc. Soc. exp. Biol. 
Mr., 66,39. 

Over 1,500 determinations of pregnanediol e.xcretion 
have been carried out on a series of about 100 women. 
The method is an adaptation of that described by 
Guterman (/. din. ^docrinoL, 1945, 5, 407). The authors 
demonstrate the accuracy of their method by gravimetric 
comparisons. 

Pregnancy Test using the Male Toad. Maintm, C. G. 
(1947). J. din. Endocrinol., 7, 653. 

A new biological test for pregnan^ is described. The 
authors inject 10 ml. of first morning urine, untreated, 
into the lateral lymph sac of the toad, Bufo arenarum. 
Urine (1 or 2 drops) is taken by pipette from the urinary 
bladder of the toad and examined microscopically. The 
appearance of spermatozoa 3 hours after the injection is 
evidence of a positive reaction. 

Results of Administration of Anterior Pituitary Adreno- 
corticotropic Hormone to a Normal Human Subject. 
Mason, H. L., Power, M. H., Rynearso.n, E. H., 
QARA.MELU, L. C., Li, C. H., and Evans, H. M. (1948). 
J. din. Endocrinol., 8, 1. 

Pituitary adrenocorticotrophin, 25 mg., was given as a 
single dose to over 100 normal individuals and patients. 
The maximum effect was observed after 4 hours. The 
most pronounced change was a fall in the number of 
eosinophils in the normal subjects (167 to 40 per c.mm.) 
and in patients without Addison’s disease (181 to 57 per 
c.mm.); this did not occur in 30 patients with Addison’s 
disease (247 to 235 per cmm.). The lymphocyte count 
also decreased, but not to the same degree, and there 
was a slight increase in the number of the neutrophil 
cells. The lymphocyte regjonse w^ absent in the 
Addisonian cases, but the increase iiuthe number of 
neutrophils was present. The eosinophil and lympho- 
cyte Eesponse in those with Addison’s disease, although 
absent aftevadrenocorticotrophin, could be elicited with 
17-hydroxycorticosterone (20 mg.), but not with desoxy- 
corticosterone and dehydrocorticosterone hemisuccinate. 
The very striking diflference in the eosinophil response is 
regarded as a reliable clinical test for the adrenal-cortical 
reserve of 11-17-oxysteroids in Addison’s disease. 

H. Herxheimer. 

Determination of the Relative Actirities of Anti-thyroid 

Compounds in Man Using Radioactive Iodine. Stanley, 

M. M., and Asrwooo, E. B. (1947). Endocrinology, 

41 , 66 . 

The rate of iodine uptake by the thyroid was measured 
by giving a dose of radioactive iodine to normal volun- 
teers and measuring the concentration in the gland. The 
concentration rose slow ly during the period of absorption 
and then rapidly and parabolically to reaeh a constant 
level after 24 to 48 hours. Thirty-two compounds were 
thus tested in doses of 5 to 500 mg. The results obtained 
did not agree with the results of determinations of 
thyroid enlargement in rats caused by the drugs. For 
example, the relative activities of thiouracil, 6-n-propyi- 
thiouracil, thiourea, and 2-aminothiazoIc were 100, 
1,100, 12, and 10 in the rat experiments and 100. 75, 
100, and 250 in human studies. The results of the 
tests on human subjects agreed better with clinical experi- 
■ cncc, but discrepancies still remain. These arc perhaps 
due to cumulative action, which cannot be assised by 
this one-dose method of testing. Parr C. UVUann. 


MetaboUc Studies in Diabetic Acidosis. IT. The Effect 
of the Adimnistration of Sodium Phosphate. Franks, 
M., Berris, R. F., Kaplan, N. O., and Myers, G. B. 
(1948). Arch, intern. Med., 81, 42. -- 

Previous workers have shown that in diabetic acidosis 
the inorganic pho^horus level in plaOTa is raised, but 
falis rapidly when insulin is given. This is confirmed by 
the authors in a series of 28 patients in whom the plasma 
phosphorus ranged from 4.23 to 17.2 mg. per 100 ml., 
and fell toi less than 3 mg. j^r 100 ml. shortly after the 
start of insulin therapy. This decrease was not due to a 
more rapid excretion, for the phosphorus concentration 
in urine became subnormal, and remained so for up to 
5 days, while there was a dramatic fall in plasma phos- 
phorus in one patient with complete anuria. Since, in 
uncontrolled diabetes, the phosphorus concentration in 
urine is known to be raised, these observations suggested 
that in diabetic addosis the phosphorus stores of the 
body are depleted, with a resulting deficiency of available 
phosphorus. 

The authors suggest that in diabetic addosis the lack of 
insulin results in a failure of phosphorylation of glucose; 
and so causes an accumulation of inor^nic phosphorus 
in the plasma, and an increased excretion in the urine. 
They dte the obsenation that in alloxan diabetes in rats 
the onset of coma is accompam'ed by a decrease in the 
organic phosphates of the fiver (chiefly adenosine 
diphosphate and triphosphate) and an increase-in the 
plasma inorganic phosphorus. When insulin is given 
the process of phosphorylation is resumed, and for the 
reconstitution of organic phosphates an increased intake 
of phosphorus is necesraiy. It is suggested, therefore, 
that the parenteral administration of sodium phosphate . 
should be included in the treatment of diabetic coma 
4 to 8 hours after the first dose of insulin. . 

mijred E. Hunt. 

Some Factors Affecting the Acidity of Urine in Man. 
Eggleton, M. G. (1947). J. Physiol., 106, 456. 

An increase in the urine aridity (hydrogen-ion con- 
centration) may be due not only to increased output of 
hydrogen ions but also to a reduction in buffering power. 
In experiments on 30 to 40 subjects the pH, ammonia 
concentration, and buffering power of urine were 
measured after the ingestion or intravenous injection of 
certain substances. An increased acidity of the urine 
accompanied by an increase in buffer output, two-thirds 
of vvhich is due to phosphate, follows the ingestion of 
ammonium sulphate or chloride. Intravenous injections 
of hjpertonic sucrose or sodium sulphate cause a rise in 
hydrogen-ion concentration and a fall in buffer output, 
whereas the ingestion of hypertonic urea causes a fall in 
hydrogen-ion concentraU'on and a rise in buffering power. 
Diuresis gives rise to an increased output of buffer 
substances which masl3 the inverse relation between 
hydrogen-ion concentration and buffer output. The 
hypothesis is advanced that the increase in urine aridity” 
fall in buffer output, and relatively small diuresis vvhich 
Tollow the injection of sodium sulphate and sucrose are 
due to secretion of antidiurctic hormone. 

E. F. McCarthy. 

Further Observations on the Significance of the Blood 
Pyruvic Add Level in Inlancv. Alubove. H Q f Idtvi 
Arch. Dis. Childh., 23, 7, 

The author thinks that the rise in blood pytuvic arid 
in toxaemia and haemolytic states during infa.ncy is not 
assodated with a deficiency of thia.mine and is p'robab’y 
unrelated to any of the known factors in the vita.m!n-B 
complex. 
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The Prothrombin Response to the Parenteral Administra- 
tion of Large Doses of Vitamin K in Subjects with 
Norman Liver Function and in Cases of Liver Disease ; 
A Standardized Test for the Estimation of Hepatic 
Function. Unger, P. N., and Shapiro, S. (1948). 
J. dill. Invest., 27, 39. 

The authors describe a new standardized test for the 
estimation of hepatic function depending on the pro- 
thrombin response to administration of large doses of 
vitamin K. The test' was applied in 113 patients, 57 
without and 56 with clinical evidence of liver disease. 
In the latter group 45 gave a positive response to the test, 

6 a doubtful response, and 5 a negative Response. The 
authors consider the method an important addition to 
the range of tests of hepatic function, since it deals with 
another activity of the liver. J. IV. McNee. 

Liver Involvement in Infectious Mononucleosis. Evans, 
A. S. (1948). /. din. Invest., 27, 106. 

Liver function tests were carried out in 19 cases of 
infectious mononucleosis. Seventeen of the patients 
had agglutinins for sheep cells in dilutions of 1 in 160' 
or higher, while of the 2 remaining patients, 1 with 
agglutinins at a titre of 1 in 80 had antibodies with the 
guinea-pig kidney and beef red cell absorption charac- 
teristics of the infectious mononucleosis antibody, and 
the other had a typical blood picture and clinical 
features. 

The cephalin-cholesterol flocculation test was abnormal 
in 95 % of the cases of infectious mononucleosis, and in 
2 instances had altered before the heterophil antibody 
titre had reached a significant level. In the 2 cases in 
which there was a normal flocculation test, illness was 
mild and the patients remained ambulatory. Raised- 
values for tlie thymol-turbidity test were found in 68 % of 
cases, ranging from 4 to 10 units. Abnormalities in this 
test usually appeared later and were more transient than 
the changes in the flocculation reaction. The serum 
alkaline phosphatase test showed increased values in 43 % 
of thexases, while in no case was there a significant 
increase in the total serum bilirubin. Serum protein 
determinations were made in one case of infectious 
mononucleosis without jaundice and in one case with 
jaundice, the serum having been taken about 6 weeks 
after the onset of the illness in each case. Marked 
increases in the percentages of iS-globulin and y-globulin 
were observed in both. 

The author concludes that hepatitis occurs in many 
cases of infectious mononucleosis without jaundice'. The- 
cephalin-cholesterol flocculation reaction is a more 
sensitive indicator of this hepatic dysfunction than is the 
thymol-turbidity test, and may be used in differentiating 
such cases from cases of uncomplicated upper respiratory 
infection. R. B. Lucas. 

HAEMATOLOGY 

Chronic Myelogenous Leukemia. A Study of 129 Cases 
in which Treatment was with Radioactive Phosphorus. 
Lawrence, J. H., Dobson, R. L., Low-Beer, B. V. A., 
and Brown, B. R. (1948). J. Amer. med. Ass., 136, 672. 
In this review the results, technique, and dangers of 
radio-phosphorus therapy are .reviewed. There is con- 

siderable variation in sensitivity from patient to patient, 
and individual assessment of dosage is necessary so as to 
avoid overdosage and depression of the marrow. Life 
was not significantly lengthened by radio-phosphorus 
therapy, and at least one-third of the patients developed 
a terminal acute leukaemic phase. No other malignant 
tumours developed during the course of therapy. 


Reflections on the Treatment of Acute Leucoses by 
Exsanguination Transfusions: (Reflexions sur Ic 
traitement des leucoses aigues par I’exsanguino- 
transfusion.) Bernard, J., and Bessis, M; (1948). 
Sa/iff, 19, 45. 

The effects of exchange transfusion in acute leukaemia 
arc recorded. Both clinically and haematologically 
dramatic temporary improvement was obtained, with 
subsidence of enlarged lymph glands and spleen, and a 
tendency towards a more normal blood and marrow 
picture. 

Course of an Acute Leucosis Treated by Repeated Trans- 
fusions .and Penicillin. (Evolution d’une leucose aigue 
traitec par les transfusions rcpet6es et le penicilline.) 
May, E., Cattan, R., Frumusan, P., and Bilski- 
• Pasquier, G. (1948). Rev. Hemat., 3, 13. 

The authors record the progress of a patient with 
acute leukaemia who was given 24 transfusions of about 
150 ml. of blood during a period of 6 weeks. There was 
striking clinical and haematological improvement; the 
percentage of primitive leucocytes in the blood fell from 
98% to 4% and the total leucocyte count from 40,000 
-to 6,400 per c.mm.. The bone marrow obtained by sternal 
puncture was reported as normal. - After a further 6 weeks 
the patient relapsed and died. 

Remissions in Acute Leukaemia. (Les remissions de la 
Icucemic aigue.) Dreyfus, B. (1948). Rev. Himat., 
3, 29. 

- The author has reviewed the literature dealing with 
remission in acute leukaemia, and concludes that in 
almost every case this has followed blood (or plasma) 
transfusions. He considers the possible mechanisms by 
which transfusions, including e.xchange-transfusio'ns,- 
may produce a favourable effect in the first instance. ■' 

The Skin Lesions of Monocytic Leukaemia. Fairborn, 
E-. A., and.BuRGEN, A. S. V. (1947). Brit. J. Cancer, 1, 
352. 

A case is reported with furunculosis as the first mani- 
festation. The cutaneous lesions of 50 published cases 
of the Schilling type of monocytic leukaemia are then- 
discussed and classified. Skin lesions were most fre- 
quently seen in men over 40' years of age. 

Crystalline 'Vitamin B,n. Ricks, E. L., Brink, N. G., 
Koniuszy, F. R., Wood, T. R., and Folkers, K, 
(1948). Science, 107, 396. 

The authors describe the isolation from liver of a red 
crystalline substance effective in the treatment of Addi- 
sonian pernicious anaemia when given in doses as small 
as 3 to 150 (ig. (It is possible this substance (named 
Vitamin Bi«) is the purified liver anti-anaemic factor. 
It is not yet known whether the neurological changes in 
pernicious anaemia are also controlled by it.) 

Activity of Vitamin Bjj for the Growth of Lactobacillus 
lactis. Shore, M. S. (1948), Science, 107, 397. 

Liver extracts contain a growth factor (LLD factor) . 
for Lactobacillus lactis in concentrations which closely 
parallel their anti-anaemic potency. The LLD factor is 
probably vitamin Bi^, - , . 

Activity of Vitamin B,. in Addisonian Pernicious Anemia. 
West, R. (1948). Science, 107, 398. 

Satisfactory responses were obtained in 3 patients with 
Addisonian pernicious anaemia treated with simple 
injections of 3, 6, and 150 /zg. of Vitamin B,. respectively. 
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The Reduction of Mcthacmo^obin in .Red Blood Cells 
and Studies- on the Cause of Idiopathic Methaemo- 
globinaemia. Gibson, Q. H. (1948). Biochem. J., 42, 
13. 

This is an important paper. Idiopathic metha«no- 
globinaemia appears to be caused by an inborn deficiracy 
ofcoenzyme factor I, a link in the chain of reactions 
whose effect is to prevent the oxidation of haemoglobin 
to methaemoglobin. The reducing action of ascorbic 
acid helps to prevent the complete oxidation of haemo- 
globin to methaemoglobin. Methylene blue is effective 
in treatment but reduces methaemoglobin by another 
enzymic pathway. - 

Refractory Iron-Deficiency Anaemia Treated with Intra- 
venous Saecharated Oxide of Iron. Daxtdson, L. S. P., 
and’GiRDWooD, R. H. (1948). Brit. med. J., 1, 733. 

A good haematological response was obtained when a 
patient was treated with intravenous iron according to 
the method of Nissim {Lancet, 1947, 2, 49), but there 
were some toxic reactions. 

Chronic Haemoljlic Anaemia with Haemoglobinuria. 

. The Marchiafava-Micheli Sjndrome. Hickey, M. D., 
and Mahey, L. K. (1948). Quart. J. Med., 11, 1. 
The authors describe observations made on a patient 
observed for 3 years. Haerao^obinuria appeared to be 
^ precipitated on four occasions following iron therapy 
and once following blood transfusion. Normal human 
serum heated to 56° C. had some inhibiting effect on 
haemolysis both in vitro and in vivo. 

Studies on the Pancj-topcnia of Kala-Azar. Cartwright, 
G. E., Chung, H. L., and Chang, A. (1948). Bhod, 
3, 249. 

This is an important contribution to the haematology 
of kala-azar. The bone marrows of 27 patients were 
examined. There was general hyperplasia with increase 
in reticulo-endolhelial cells. It is suggested that the 
-anaemia, leucopenia, and thrombocytopenia are conse- 
quent on a disturbance in cell development, perhaps due 
to “hypersplenism,” and are not simply due to a crowding 
out of the marrow cells by hjperplasia of the reu’culum. 

Studies on the Conglutination Test in Erythroblastosis 
Foctalis. WiEN'ER, A. S., and Gordon, E. B. (1948). 
J. Lab. din. Med., 33, 181. 

The authors compared several techniques in the 
demonstration of Rh antibodies in the sera of pregnant 
Rh-ncgative women. The sensitivity of the tests in 
ascending order were: (I) the blocking test (the least 
satisfactory), (2) the plasma conglutinin and anti- 
globulin tests (Coombs’ test), and (3) the albumin-plasma 
method (the most sensitive). Incomplete antibodies seem 
to pass through the placenta readily, but complete anti- 
bodies generally do not appear to do so. 

Phj-siological Jaundice of the Newborn. Some New 
ivlcasurcmcnt of the Factors Concerned. Moujson, 
P. L. (1948). Lancet, 513. 

This is an important contribution to the understanding 
of tlic physiological jaundice of the newborn. Using the 
method of differential agglutination, transfusion studies 
carried out with placental and adult corpuscles demon- 
strated that a proportion of the infant's corpuscles arc 
broken down at about twice the adult rate during the 


first 10 days of life. There is thus some indirect evidence 
of an increased rate of haemoglobin catabolism in the 
neonatal period. Previous work and the author's own 
observations of impaired bromsulphalein excretion by 
the infant’s liver suggest, how ever, that in^ciencj- of the 
liver is the most likely cause of neonatal jaundice. 

Congenital Hemoljtic Jaundice. The Pathogenesis of the' 
‘•Hemolvtic Crisis.” Ovvren, P. A. (1948). Blood, 3, 
231. ■ 

The author demonstrates how’ “anaemic” crises may be 
produced during the course of congenital haeraolvtic 
jaundice. Six patients were studied and a temporary 
depression of erythropoiesis was found. Serial bone 
marrow studies demonstrated how restoration of ery- 
throcyte formation preceded clinical recovery. These 
observations are of great interest and prompt the question 
as to how many of the so-called “haemolytic crises” 
previously reported have a similar explanation. 

Normal Red-cell Survival in Men and Women . Caixender, 
S. T., Powell, E. O., and Wnrs, L. J. (1947). J.' 
Path. Bact., 59, 519. 

The survival of transfused normal blood was con- 
trasted in 2 men and 4 women. In the men the elimina- 
tion curve was linear: in the women it was appredably 
curved. In both, elimination was complete in about 
120 days. The average life of the transfused corpuscles, 
was 63 days in the men and 54 days in the women.' 
Blood loss due to menstruation is thought partly to 
explain the differences between the two sexes. ' 

Blood Volume in Prcgnanc}-. A Critical Review and 
Preliminary Report of Re^ts with a New Tediniqne. 
McLennan, C. E., and Thout.n, L. G. (1948). Amer. 
J. Obstet. Cyncc., 55, 189. 

The authors studied the blood volumes of 20 pregnant 
women at term and at 7 weeks post partum, and 10 non- 
pregnant controls. They used Evans blue die. The total 
blood volumes and plasma volumes were significantly 
greater in the pregnant women, but individual variation 
was great and many more determinations need to be 
done before a reliable picture is obtained. 

A Method for Obtaining Bone Marrow by Vertebral 
Spinous Process Puncture. Huss, J. H., Gilbert, J., 
and Liebovv, A. A. (1948). Tale J. Biol. Med., 20, 291 . 

• The spines of the lower thoracic and upper lumbar 
vertebrae may be punctured safely and readily, and 
marrow is withdrawn similar in composiuon to sternal 
marrow. This method is also described by Loge (Blood. 
1948, 3, I9S); it is probably rafer and Ick alarming to 
the patient than is sternal puncture. 

Study of Fixed Tissue Sections of Sternal Bone .Marrow 
Obtained by_ Needle Aspiration. I. .Method and the 
Morphblogj- in 4’arious Conditions. II. Comparison of 
Nucleated Cell Count and N'olumctric Pattern with 
Histologic Appearance. NVelsbep.ger. A. S., and 
Heinle, R. W. fI94S). Amcr. J. mcd. Set., 215. 170. 

In this report arc described a technique for sectioning 
marrow particles obtained by aspiratio.n and a com- 
parison between the to'ail riucieatcd cell count, t.he 
volumetric pattern as determined by hacmatocrit, and 
the histological appearance of the marrows of 60 patients. 
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Clinical Value of Some Metliods of Estimating Erj'throcyte ■ 
Sedimentation Rate, Sinton, J. R. (1948). Brit. med. 

I, 391. 

A comparison was made between the erythrocyte 
sedimentation rates (Westergren and Wintrobe tech- 
niques) of 61 female patients with pulmonary tubercu- 
losis and the clinical course of the disease. The correc- 
tions of Wintrobe and of Whitby and Hynes for anaemia 
were applied. The patients, whose ages ranged from 14 
to 46 years, were not specially selected,. and were under 
continuous observation for periods ranging from 6 weeks 
to 6 months. 

The author concludes that since the -Wcstcrg.rcn 
method gives figures that “agree better” with the clinical 
course than do those obtained by cither of the methods 
involving correction, it is the most useful in assessing 
the degree of activity of the disease and the direction of 
its progress. Wilfred E. Hunt. 

Erjdhrocyte Sedimentation Rate. The Effect of Alcohol 
as Contaminant. Svkes, W. O. (1948). Brit. med. J., 
1, 393. 

The rate of sedimentation is diminished if blood is 
contaminated with alcohol in concentrations of 1 % or 
more. 


MORBID ANATOMY AND HISTOLOGY 

Phase-contrast Microscopy: Applications to Pathological 
Histology and Blood Cytology. (L’examen micro- 
scopique par les “contrastes de phases.” Ses applica- 
tions ^ riiistologie pathologique et a la cytologic 
sanguine.) Feissly, R., and Quedatte, R. (1947). 
Rev. Hdmat., 2, 411. , , 

A simple explanation of the principles of phase- 
contrast microscopy, quite the most elementary which the 
abstracter has yet seen, and well worth studying. 

G. Discombe. 

Sludged Blood. Knisely, M. H., Bloch, E. H., Eliot, 
T. S., and Warner, L. (1947). Science, 106, 431. 

Histological observations were made on living animals 
and men; the authors claim that these lead to a more 
precise understanding of a variety of mechanisms whereby 
injuries and diseases damage the human body. In 600 
non-anaesthetized human patients suffering from a wide 
variety of diseases the blood cells were seen to be agglu- 
tinated into masses (not rouleaux). This appeared to 
change the blood from its normal relatively fluid state to 
a circulating sludge. The authors believe that; (1) the 
resistance of sludged blood to its own passage through 
the bottle-necks of the circulatory system reduces the rate 
of blood flow through all the open vessels of the body; 
(2) agglutinated red celts are ingested and destroyed by 
the phagocytic cells of the liver and spleen; (3) there is 
settling and sedimenting of masses of agglutinated blood 
cells out of the moving blood plasma during life; 
(4) various degrees of reduction in circulating blood 
volume cause intermittent, prolonged, controlled shutting 
off of the arterioles in a selected series of tissues and 
organs. 

The authors studied sludges in the conjunctival vessels 
in infective and traumatic conditions, hypertension, 
embolic states, hysteria, alcoholism, and normal uncom- 
plicated pregnancy. Although it is not suggested that 
the sludges explain the clinical features of diseases in 


which they arc foun(l, they arc obviously of importance 
in embolic conditions. The authors hope that it will 
become possible -to keep the blood in a fluid arid non- 
agglutinatcd state with intact vessel walls in conditions 
in which sludges have been observed. 

R. Winston Evans. 

Primary Systemic Amyloidosis. Iverson, L., and 
Morrison, A. B. (1948). Arch. Path., 45, 1. 

Two cases of atypical, or primary, amyloidosis are 
reported in both of which the heart was extensively 
in%’olvcd and many other tissues affected. Difficulties in 
the classification of amyloid disease and the staining 
properties of the substance in different circumstances- 
are discussed. 

Histological Changes in the Small Intestine in Disturbances 
of Fat Absorption. (Xanthomatosis of the Small 
Intestine.) (Ober die histopathologischen Verandcrun- 
gen am Diinnadarm bci Stdrungen der Fettresorption 
(sog. Xanthomatosc dcs Diinndarms).) Frei, R. 
(1947)., Schweiz. Z. Path. Bakt., 10, 685. 

Two cases of xanthomatosis of the intestine are 
reported. A woman of 84 died of cerebral arterio- 
sclerosis, apparently without having shown signs of 
gas'tro-intestinal upset during life. At necropsy the 
small gut showed yellowish discoloration of the rugae, 
and there was ulcerative colitis. Microscopically there 
was an extensive xanthomatosis of the submucous coat 
of the small intestine without signs of inflammation, and 
fulminating colitis was present in the large gut. The 
second patient, a man of 43, died after a spruc-like 
illness of several months’ duration. On microscopical 
examination large foam cells were seen in the submucosa 
of the entire gut; in addition the lymph nodes of the 
mesentery showed fatty infiltration and a granulomatous 
xanthosis. R. Saint. 

The Adrenal Cortex in Essential and Renal Hj-pertension. 
Fisher, J. A., and Hewer, T. F. (1947). J. Path. Pact., 
59, 605. 

Material was taken from routine necropsies on 55 
subjects with essential hypertension, 15 with renal 
hypertension, and 57 controls. A diagnosis of hyper- 
tension was based on the presence of two out of three 
positive criteria: a high blood pressure record, left 
ventricular hypertrophy (measured by heart weight), and 
hypertensive arteriolar changes. In assessing heart weight 
the criteria of Moritz and Oldt were applied. Heart 
weights of 450 g. in males or 350 g. in females were taken 
to indicate hypertension, and those weighing less than 
400 g. in males and 300 g. in females to denote absence 
of hypertension. Blood-pressure readings of 1 60/90 mm. 
Hg or more were considered to indicate hypertension at 
any age, and no case was accepted as a control if tlierc 
was a record of a systolic pressure of 'over 140 mm. or 
a diastolic over 90 mm. Hg. 

Formalin-fixed adrenals were weighed and portions 
analysed for percentage lipid. Frozen sections were 
stained with Scharlach R and examined under polarized 
light. The content of sudanophil lipid and anisotropic 
lipid in the three equal zones of the cortex (outer, middle, 
and inner thirds) was recorded in terms of arbitrary 
units: 0, ±, 1, 2, or 3. Adding the values for the three 
zones gave a value for lipid content; indicating a 
trace, was taken as i. A significant association was 
shown to exist between essential hypertension and each 
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of the following: cortical nodularity, percentage lipid 
(estimated chemically), rortical sudanophil lipid, and 
cortical anisotropic lipid. 

The authors take the view that increased cortical lipid 
is an indication of altered endocrine activity. They sug- 
gest that their findings may all reflect variation in a single 
normal process by which the adrenal cortex maintains 
glomerular filtration, for example, by increasing the 
efferent glomerular arteriolar tone. F. A. Langley. 

The Relationship Between Rheumatic Carditis and 
Subacute Bacterial Endocarditis. MacIlwaine, Y. 
(1947). J. Path. Pact., 59, 557. 

Aschoff bodies in the myocardiinn of patients wiA 
infective endocarditis have b^n noted in many reports in 
the literature. The author reviews the evidence on their 
significance, and concludes that they' do not represent a 
reaction to the bacterial infection, but that their presence 
is evidence of a rheumatic carditis. In the work here 
recorded, 34 cases of subacute, and 12 cases of acute, 
bacterial endocarditis were studied histologically; in 
every case in which Aschoff nodes were present an 
attempt was made to estimate their age. Histological 
criteria are ^ven for the division into; under 2 months, 
2 to 4 months, 4 to 6 months, and over 6 months. In 
the subacute group, 29 had Aschoff nodes, 5 did not; 
of the acute cases 7 had Aschoff nodes, 5 did not. In 
many cases crops of rheumatic lesions of 2 or even 3 
different age periods were present. The estimated, age 
of the Aschoff bodies corresponded to the clinical dura- 
tion of the bacterial endocarditis in 64.7 % of th^e subacute 
and in 25 % of the acute cases. The author concludes 
that in the majority of cases of subacute, and in a smaller 
percentage of cases of acute, bacterial endocarditis the 
bacterial lesion is superimposed upon the site of an active 
rheumatic carditis. 

.- Liver Disease in Johannesburg. Relation to Pellagra. 
Giu-man, J., and Giliaian, T. (1948). Lancet, 1, 169. 
The authors found that only 33 (12.6%) out of 261 
Africans who died accidentally had normal livers. By 
contrast in a control group of 90 Europeans who died 
accidentally 61 (67.8%) had normal livers. The lesions 
in most of the abnormal livers in Africans could be 
classified on histological grounds into the four types 
already described by these workers as occurring among 
pellagrins. In these types the deposition of large quan- 
tities of iron is the chief feature and represents a profound 
metabolic disturbance. It is suggested that the large 
inert iron<ontaining molecules may complicate the 
primary’ metabolic disorder associated with liver disease, 
and thus prepare the background for the development 
of premature arteriosclerosis, cirrhosis of the liver, 
keloid formation, and reticulosis, all of which are knowm 
to be prcralent among Africans. 

Christopher Hardwick. 

Hepatic Alkaline Phosphatase: Histological and Micro- 
chemical Studies on Liver Tissue in Normal Subjects 
and in Liver and in Bone Disease. Sherlock, S., and 
Walshe, V. (1947). J. Path. Pact., 59, 615. 

The histological distribution of alkaline phosphatase 
in portions of liver obtained by aspiration biopsy (in 
many cases from serial aspirations) was studied by a 
modification of Gomori’s technique. Increase in the 
enzyme in livcr<ells and walls of sinusoids was insariable 
in acute hepatitis; other variations characterized 
obstructive jaundice and cirrhosis. 


Automatism of the Nephron and its Histological, Physiolo- 
gical, and ' Pathological Aspects. (Automatismo 
nefrom'co e suoi aspetti isto-fisiopatologici.) hfos- 
TALDO, G. (1947). Arch. ital. Anat. Istol. pat., 20, 45. 

Studies .were inade on the structure of the Juxta- 
glomerular apparatus of the human kidney in health 
and disease, and on the anatorm'cal and physiological 
relation of the glomerulus and tubule. .The author 
advances the conception of “automatism of the nephron,” 
basing his theory on the peculiarities of strurture of the 
afferent arteriole, the epitheh'oid cells in the wall of the 
distal end of which are continuous with the special jtre- 
glomerular cells of Zimmermann’s cushion. The latter 
tissue fills the triangular space behyeen the’ afferent and 
efferent vessels and the intermediate se^ent of the 
tubule (that portion joining the ascending Umb of Henle’s 
loop to the second convoluted tubule). It is continuous 
on one side vvith the ampulla and on the other is, of - 
course, contiguous with the macula densa. ^ITrus 
Zimmerman’s “Polkissen” forms a bridge between these 
different parts of the nephron, and evidence is adduced 
that this tissue is sensitive both to pressure and to 
chemical stimuli. It is thought to be sensitive' to the 
osmotic pressure of the fluid in the intermediate tubular 
segment, and swells or shrinks according to the de^ee 
of dilution or concentration of this fluid. . When the 
urine is dilute, swelling of the cushion causes the glomeju- 
lus to contract in systole, with a consequent slowing in 
the rate of filtration and in the rate of passage of the 
ffltrate through the tubule,- and thus the concentration 
of the urine rises. The opposite also occurs, and the 
relations of filtration and absorpfion can be expressed 
algebraically. In this way automatic self-regulation is 
established in each single nephron, although the rate of 
filtrau'on also remains dependent on such general factors 
as blood pressure, hormonal and nervous stimuli, and 
drugs. MoellendorTs “nephrom’c index” relates the size 
of the glomerulus to its corresponding tubule. -In vivo 
this relation may vary between wide limits, and the 
author .suggests the term “dynainic nephronic index” to 
relate the powers of concentration and dilution of the 
nephron. Those diseases of the kidney most D’picaUy 
associated with disturbance of the power of concentration 
(nephrosclerosis, chronic diffuse glomerulonephritis) 
show the most markedly selective changes in the self- 
regulating tissue of the nephron. %5Tien hyposthenuria 
or bosthenuria is present there is always pronounced 
alteration in the afferent arteriole, cushion, and ampulla 
of the surviving glomeruli. Jhese glomeruli can no 
longer be influenced by the state of the intratubular fluid, 
and the filtration rate depends on the degree of patency of 
the afferent vessel and on the systemic blood pressure. 

E. G. Sila Lumsden. 

Intestinal LJccrafion Due to Arterial Nccrosb IMalignant 
Hypertension and Poljarteritb Nodosa), i^e Nav.vs- 
QL'EZ, S., and pREsai, E. B. (1947). Guv's Hasp. Pep., 

96, 85. - > . 

Oinical and post-mortem records arc reported of 2 
patients, one with malignant hypertension and the other 
with polyarteritis nodosa, both presenting a clinical 
picture of predominantly intestinal disca-ve. The first 
patient had a short history of abdominal pain and bloody 
diarrhoea, the second a more prolonged story of anae.mia 
and stcatorrhoca. The most sfriking *patho!oaica1 
finding in both cases was the prcsen:i of extensive 
ulceration due to necrouzing arteritis of die small intestine. 

The histological appearances of the ane.rial lesions in 
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both cases were very similar. In the case of polyarteritis 
nodosa there was also complete disorganization of the 
mesenteric lymph nodes, which were the seat of extensive 
ischaemic necrosis and replacement fibrosis; this, 
together-with the ulcerative destruction of the intestinal 
mucosa, was the cause of the sprue-like syndrome which 
was present during life. Another interesting feature of 
this case was the persistent lymphopenia (25 to 1,250 
lymphocytes per c.mm.), accounted for at necropsy by 
the finding of extensive ischaemic necrosis of the splenic 
lymphoid tissue and by the above-mentioned mesenteric 
liTuph-nodc destruction. John JR. Forbes. 

Massive Neoplastic Embolism. ' Till, A. S., and Fair- 
burn, E. A. (1947). Brit. J. Sitrg., 35, 86. 

A tumour mass which had clearly originated in a 
pulmonary carcinoma was found in the common femoral 
artery, extending into the profunda artery with surround- 
ing blood clot blocking these arteries and the superficial 
femoral artery. 

The Nature of So-called Myoblastomata. (Die Natur 
der sog. Myoblastentumoren.) Wegelin, C. (1947). 
Schweiz. Z. Path. Bakt., 10, 631. 

Details of 10 cases of myoblastoma are given, the 
tumour being situated in gums, tongue, wrist muscles, 
and skin. The author thinks the growths are derived 
from undilferentiated mesenchymal cells and not from 
muscle ■ elements and that they are capable of storing 
proteins and lipids. - 

Gancer of the Stomach in Addison’s Anaemia, 
Bourne, W, A. (1948). Brit. mcd. J., 1, 92. 

The author investigated 15 unselectcd cases of perni- 
cious anaemia, discovering 3 cases of carcinoma of the 
stomach and 1 of leiomyoma. In all 3 cases of carcinoma 
the neoplasm was in the lower third of the stomach, and 
radiology showed narrowing. This may be the first 
indication of carcinomatous change, or it may be a 
general characteristic of these stomachs. It is not pro- 
ductive of delay. The lower stomach is not usually 
abnormal in pernicious anaemia, and gastroscopy 
confirms this. The number of cases is too small for 
conclusions to be drawn, but the author suggests that |n 
cases of pernicious anaemia an abnormal mucosa in 
the prepyloric region should be viewed with suspicion. 

Intracranial Teratomas and Teratoid Tumors. (In 

English.) Muller, R., and Wohlfart, G. (1947). 

Acta psychiat., Kbh., 22, 69. 

In 8 cases of the rare teratoid form of cerebral tumour, 
5 tumours were situated in the region of the pineal gland, 
1 was in the third ventricle, 1 in the suprasellar fossa, 
and 1 in the cerebellum. Histological examination of the 
tumours revealed the presence of ectodermal and meso- 
dermal structures in every case, but endodermal tissue 
was found in only 3 cases. 

Carcinoma Ovarii and Cerebellar Degeneration, Brouwer, 

B., and Schlesinger, F. G. (1947). Proc. K. Akad. 

Wet., Atnst., 50, 1329. 

A patient, aged 51, with ovarian carcinoma, began to 
show cerebellar symptoms about 15 months before death. 
Psychical disturbances were present at the beginning but 
recessed. As in other reported cases the cerebrospinal 
fluid contained an excess of protein and gave colloidal 


reactions of mild paretic type. Post-mortem examination 
revealed carcinoma of the left ovary and adnexa with 
ractastases' in the neighbouring part of the abdominal 
cavity. The cerebellum showed no macroscopical 
evidence of disease, but microscopically there was com- 
plete disappearance of Purkinje cells, with relative preser; 
vation of baskets and almost complete integrity of the 
granular layer. The left dentate nucleus was severely 
degenerated, as were the ventral part of the right nucleus 
and to a minor degree the roof nuclei. No degeneration 
of inferior olives was seen. There was loss of many 
cells in the vestibular nuclei. Meningeal and perivas- 
cular infiltration in relation to the degenerated areas of 
the cerebellum and brain stem was present. The authors 
consider that the metabolic disturbances associated with 
carcinoma affect parts of the central nervous system 
which arc predisposed to degeneration by abiotrophy in 
Gowers’ sense of the word. J. G. Greenfield. 

An Unusual Case of Adrenal Carcinoma with a Note on 

the Application of a New Colour Test. Broster, L. R., 

and Patterson, J. (1948). Brit. med. J., 1, 781. , - 

A girl aged 14^ years had a histoiy of increasing 
virilism for 18 months, and of fits followed by coma for 4. 
On admission she had right spastic hemiplegia (which 
passed in 3 days), bilateral papilloedema, hypoglycaemia; 
and a large left hypochondriac tumour. Radiographs 
showed calcified streaks in a large adrenal shadow and 
premature epiphysial fusion corresponding to 20 years 
or over. The I7-kctosteroid excretion was 1,980 mg. 
daily and the dehydro/roandrosterone test (Patterson) 
was strongly positive. Death occurred a fortnight after 
admission, and 21 months after the onset of the virilism. 
At necropsy the left adrenal tumour together with the 
attached kidney weighed 6^ lb.; microscopically the 
structure was that of a mah'gnant adrenal coiiical 
tumour, although mitotic figures were scarce.- No 
significant changes were found in other organs and 
there were no secondaries. Patterson’s urinary colour 
test {Lancet, 1947, 2, 580) was used to differentiate 
carcinoma from hyperplasia. Henry Cohen. 

Tumors of the Carotid Body. LeCompte, P. M, (1948). 

Anter. J. Path., 24, 305. 

This is a useful description of the characters of carotid 
body tumours, based on a personal study of 17 surgically 
removed specimens. No true chromaffin reaction was 
demonstrated in any of these, and no evidence of the 
secretion of adrenaline was obtained by assay of the 
fresh tissue in two instances. These findings thus 
support the other evidence that the carotid body is not 
part of the chromaffin system, but is a chemorcccptor. 

B. A. Willis. 

Qiemical Character of the Entcrochromaffin Cells, 

Gomori, G. (1948). Arch. Path., 45, 48. 

The author discusses the histochemical reactions of the 
entcrochromaffin cells and describes a new staining 
method (methenamine-silver) which is applicable to 
formaldehyde-fixed tissues. By using fiie Coujard 
technique he was able to show that the. typical histo- 
chemical reactions of the granules arc due to the presence 
of a resorcinol derivative. He has disproved the ideas 
of Lison and Cordier that a catechol compound exists, 
and he is unable to confimi the contention of Jacobson 
that a pferidine compound and desoxyribose arc present 
in the cells. E. T. Rost on. 
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Papillary Carcinoma of Ihe XhjToid and Lateral Cenical 
Region. So called “Lateral ' Aberrant ThjToid.” 
Crile, G. (1947). Siirg. Gynec. Obstet., 85, 757. 

A primary tumour was found in the thyroid gland 
itself in all of 16 consecutive cases in which the thyroid 
^and was explored or a lobe removed. In 4 of these 
the lesion was bilateral, but in none was more than a 
single nodule, found in a lobe. The author reviews the 
difficult problem of the relationship of these papillary 
tumours to carcinoma of the thyroid in the light of 
personal ejqterience. 

Pathologists who have long taken the view that the 
•lateral cervical masses were metastases of an unusually 
low degree of malignancy are thereby justified. Moreover 
it appears that the primary may remain small and easily 
escape detection from its frequent position in the postero- 
medial part of the lobe. 

Lingual Goiter. Report of Three Cases. Goetsch, E. 
,(1948). Ann. Surg., 127, 291. 

Three cases are described of hypertrophic thyroid 
tissue afthe base of the tongue in non-migration of the 
thyroid anlage from the region of the foramen caecum. 
Each patient showed evidence of mild hyperthyroidism, 
and the histological structure of aU three resected speci- 
mens wras very similar to that of foetal adenoma of the 
cervical thyroid. It is pointed out that the majority of 
lingual thyroid swellings are goitres. These are benign, 
and cartnnoma has been reported in only rare instances, 
alwajfs in men. Some phaiytigeal and la^ngeal obstruc- 
tion is usually , the indication for operation, and partial 
removal by the buccal route is the treatment of choice. 
Thyroid insufficiency is the rule after operation. 

Anatomical and Clinical Study of Spontaneous Para- 
_ thyroid Tetany in Adults. (Etude anatomo-clinique des 
. tetanies parathyroldiennes spontanees de I’adulte.) 
Levrat, M., and Brette, R. (1947). Ann. Endocrinol., 
Paris, 8, 117. 

Spontaneous parathyroid tetany (S.P.T.) has often 
been described in children, but only rarely in adults. 
A woman of 56 was treated for heart failure due to 
hypertension. She improved temporarily and remained 
under observation until her death S months later. Four 
months after her first admission she had an attack of 
S.P.T. which responded to calcium and to parathyroid 
extract, and best to combined calcium and vitamin-D 
treatment. She had had such attacks during the previous 
2 years. Radiologically, cervical calcifications the size of 
a bean, which moved on swallowing, were found in the 
lateral thyroid regions. Necrop^ showed the calcifica- 
tions at the site of the parathyroids. Histologically, the 
parathyroids showed marked central sclerosis with 
calcium deposits and perivascular haemorrhage. At the 
periphery, parathyroid tissue was seen to be divided and 
encircled by fibrous tissue, as in cirrhosis of the fiver. 

Sarcoid. Freudekthal, W. (1948). Brit. J. Tiibcrc., 
42, II. 

This paper records evidence in favour of the belief that 
Bocck’s sarcoid is a manifestation of tuberculosis. Certain 
links exist between the two diseases which do not, 
however, prove the hypothesis. Thus, coc,xistcncc occa- 
sionally occurs, skin sarcoid lesions have been known to 
change into lupus and vice versa, and terminal change 
of s.-rrcoid into tuberculosis has been demonstrated at 
necropsy more tiian once. The chief factors against a 


tuberculousTaetioIogy have been the histological picture, 
the negative tuberculin reaction, and the absence of 
tubercle bacilli. The author demonstrates sarcoid tisue 
in histological sections of lupus, and points outJhat it is 
formed in moderate .amount during treatment with cald- 
ferol. Even more frequently, lupus features are seen in 
sarcoid. Lesions of spontaneous tuberculosis in some 
animals consist chiefly of epithelioid tissue^ and in rats 
and dogs the tuberculin reaction remains negative. 
Wells and Wylie at Oxford have found that sarcoid 
serum actively neutralizes tuberculin. Tubercle bacilli 
have now been isolated from about 26 documented cases 
of sarcoid, and there is reason to believe that, as in 
tubercufides, bacilli can be demonstrated only at the 
earliest stage of the lesion. TTie newest finding in favour 
of a tuberculous origin is that sarcoid (presumably- in 
skin) improves with calciferol therapy. T. Semple. 


Primary Atypical Pneumonia. Report of Eight C^es 
with Autopsies. Parker, F., Joluffe, L. S., and 
Finland, M. (1947). Arch. Path., 44, 581, 

Death in primary atypical pneumonia is uncommon. 
In the present 8 cases necropsy revealed congestion of 
the air passages and lungs, basal collapse with apical 
emphysema, and small grey pneumonic foci. Histolo- 
gically, the alveolar e.xudate was “mononuclear”; there 
were proliferation and desquamation of alveolar epithe- 
lium and infiltration of septa and bronchioles. “Alveolar 
membranes” were present in half the cases. Many small 
arteries and veins were thrombosed. The lungs also 
showed changes due to secondary' infection, such as pus 
in the bronchi. In the liver there were small focal 
necroses and in the brain, especially in one case, peri- 
vascular haemorrhages with glial profifbration. The 
appearances resembled those of psittacosis. In one 
case there were psittacosis antibodies, but this was 
probably fortuitous. Attempts to isolate a virus and 
demonstrate inclusicm bodies were unsuccessful. 

i). M. Pryce. 

The Pathogenesis of Congenital Polycystic Lung and its 
Correlation with PolyQ-stic Disease of other Epithelial 
Organs. Reconstruction of Cystic Elements in Two 
Cases. Norris, R, F., and Tvson, R, M. (1947). 
Amer, J. Path., 23, 1075. 

The authors have written a series of articles on cystic 
diseaw in numerous organs and they discuss its patho- 
genesis, which might be a degenerative process leading 
to isolation and cyst formation, and may also involve 
the question of deficiencies of the circulation at the site 
of the cystic change. Two cases are here described of 
congenital cysts of a lung. Detailed anatomical des- 
criptions showing lack of communication with the bronchi 
arc given. 


Pathology of Skeletal .Muscle. fZur Pathologic dcr 
Skclcttmuskulatur.) Hedinger. C (194S). Sebvei:. 
mcd. iVsda-., 78, 145, 

Two cases of damage to skcIcUi! muscle after carbon 
monoxide poisoning arc reported. In the first a con- 
tracture of the hand, of Volkmann type, took phcc; 
in the second a painful s’Aclling of the gastrocnemius 
proceeded to calcification. Both cases were in voung 
adults. ' 

The author was able to trace 28 si.mibr cases in th- 
literature, and outli.nes the following enfity. After scs’crc 
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carbon monoxide poisoning there is transient albuminuria 
(rarely glycosuria), and in those parts of the body which 
have been exposed to pressure a triad may develop, 
consisting of skin damage and loss- of sensibility and 
motility. The former resembles a bum. The sensibility 
is reduced distal to the skin lesions. Involvement of the 
muscles is shown by paralysis, swelling, and pain, and 
leads to permanent damage — paralysis, atrophy, con- 
tracture, calcification. Infection of gangrenous skin and 
underlying muscles may occur, with subsequent death. 
Biopsies show initially hyaline, fatty, or .waxy degenera- 
tion of muscle, with some inflammatory reaction and 
occasional haemorrhage, and calcification and scar 
formation in the later stages. 

T^venty-one Observations on Muscular Dystrophy in 
HyperthjToidism. (Vingt et une observations dc 
dystrophie musculaire hypcrthyroldicnne.) Froment, 
R., Guinet, P., Devic, Mme. M., andDEVic,, M. (1947). 
Bull. Soc. med. Hop. Paris, 63, 843. 

Of 21 cases investigated all except one were in women; 
in 16 toxic signs had existed for months, in the remainder 
for years. Weakness and difficulty in rising from a 
kneeling position were tlie chief muscular symptoms; 
wasting was found in most of the lower limb extensors 
and much less oflbn in the arm muscles; Biopsies carried 
out in 3 cases revealed changes similar to those found in 
congenital myopathies. Creatinuria was present in 5 
cases. Where the treatment of the hyperthyroidism was 
successful, the muscular dystrophy disappeared or was 
relieved, in one case after only 2 days but in most cases 
after months. Administration of iodine and amino- 
thiazole, radium therapy, and thyroidectomy were the 
forms of ■ treatment- used. The authors speculate on 
whether the wasting is due directly to the thyroid_statc, 
or whether both run parallel for some unknown amse. 
Similar effects arc seen in the muscles of animals after 
injection of thyroid extract. It is also emphasized that 
the two opposing states of thyrotoxicosis and myxoedema 
both produce muscular changes, though these are quite 
different in tlie two conditions; this suggests that the 
cause may lie in the thyroid itself. T. E. C. Early. 

Talcum Powder Granuloma: A Frequent and Serious 
Postoperative Complication.- Eiseman, B., Seelio, 
M. G., and Womack, N. A. (1947). Aim. Siirg., 
126, 820. 

Thirty-seven cases of post-operative granulomata 
giving rise to clinical complications and proved due to 
talcum powder are described. It is stated that 22.6% of 
all gloves have perforations after use at operation. The 
risk of this post-operative complication is therefore 
considerable. Clinically the condition presents itself as 
'a non-healing wound, a faecal fistula, intestinal adhesions, 
an obstruction or stenosis, or as a tumour mass. Talc 
produces pathologically the same kind of massive fibrous 
reaction as pulmonary silicosis, except that in the case 
of the granulomata the reaction is more localized. The 


f 

usual histological’ picture of small round cells and 
multinuclcated giant cells makes the resemblance to a 
tuberculoma obvious. The authors stress the danger of 
using talc and recommend that it be banned from 
surgery. Alternatives are discussed, the' best proposed 
to date being potassium bitartrate. 

Actinomycosis of the Brain. Lewin, W., and Morgan, 
A. D. (1947). /. Neurol. Ncurosurg. Psycliiat., 10, 163. 

A case of actinomycosis apparently had its origin in 
the sphenoid bone, and also affecting the right cavernous, 
the superior ^longitudinal, the right sigmoid, and the 
superior petrosal sinuses, with extension to the right 
atlanto-occipital joint . and the exterior of the right 
cerebral hemisphere. -The patient was a man aged 
31 years, and 5 months elapsed between the onset of 
symptoms and the necropsy, at which actinomyces were 
identified for the first time. Ventriculograms were normal, 
but -there were significant alterations in the withdrawn 
fluid. From an abscess on the right side of the neck a 
non-hacmolytic Staphylococcus aureus was grown. There 
was no evidence to show the route whereby the actino- 
myccs reached the sphenoid. This is only the fourth 
recorded case of primao' actinomycotic osteomyelitis of 
the sphenoid bone. Zachary Cope. 

Studies in the Biology of the Cervix and its Relation to 
Puerperal Infections. McIlrath, M. B., and Helle- 
STRAND, A. L. (1947). J. Obstet. Gy/iacc. Brit. Emp., 
54, 746. 

The authors feel justified in making the general con- 
clusions that cer\'ical lesions constitute a danger to the 
mother during pregnancy and increase her liability to 
develop low-grade pelvic infection after confinement. 
The added factor of cervical trauma docs not seem to be 
of. significance among primigravidae. On the other 
hand, among abnormal multigravidae the presence of 
pre-existing trauma and injury during labour does seem 
to aggravate a tendency to develop inflammatory con- 
ditions and to encourage spread to the uterus and 
adnexac. As a prophylactic measure, routine antenatal 
inspection of the cervix is recommended. When abnor- 
mal-conditions are discovered the most satisfactory 
treatment appears to be the application of penicillin- 
sulphonamidc powder. 

[There are some good descriptions and illustrations of 
the histological changes which occur in the cervix during 
pregnancy.] ; B. L. Hartley. 

Classification on the Histologic Reactions in Allergic 
Diseases. Bohrod, M. G. (1947). Amcr. J. Med., 
3,511. 

The author classifies the histological appearances of. 
allergic reaction. Anatomically there are three main 
varieties; (1) necrotizing, which may be cither' organ- 
selective or cell-selective; (2) anaphylactoid; (3) granu-] 
lomatous, which may be either tuberculoid or rheumatoid. 
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Lactobacillus laefis, vitamin Bu and growth of. 328 
Laenncc’s cirrhosis, diurnal excretion of urobilinogen In. 109 
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Prostatic secretion, cancer cells in, 112 

tissue, histopathological study following resection, 190 

Protein binding, relation to pharmacology and antibactcri.-t] activity 
of (Penicillins X, G. Dihydro-F, and K, 180 

hydrolysa’c in normal subjects, 259 

Proteins in colloidial gold reaction, 184 
Prothrombin determination, 262 ' 

test, some clinical observations. 186 

time, effect of oral thyroid medication on the, 107 

and dicoumarol, 187 

in patients with thrombosing tendencies, 187 

Pseudo-hypep othrombinaemia. congenital, 187 
Psittacosis antigen for skin tests, 268 
Puerperal infections, biology of cervix and, 334 

n 

Radio-active phosphorus for myelogenous leukaemia, 328 
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